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ADVERTISEMENT.

The scientific publications of the United States National Museum
consist of two series, the Proceedings and the Bulletins.

The Proceedings, the first volume of which was issued in 1878, are

intended primarly as a medium for the publication of original and

usually brief, papers based on the collections of the National Mu-
seum, presenting newly acquired facts in zoology, geology, and

anthropology, including descriptions of new forms of animals and

revisions of limited gi-oups. One or two volumes are issued annually

and distributed to libraries and scientific organizations. A limited

number of copies of each paper, in pamphlet form, is distributed to

specialists and others interested in the different subjects as soon as

printed. The date of publication is recorded in the table of contents

of the volume.

The Bulletins, the first of which was issued in 1875, consist of a

series of separate publications comprising chiefly monogi-aphs of

large zoological groups and other general systematic treatises (occa-

sionally in several volumes), faunal works, reports of expeditions,

and catalogues of type specimens, special collections, etc. The ma-
jority of the volumes are octavos, but a quarto size has been adopted

in a few instances in which large plates were regarded as indis-

pensable.

Since 1902 a series of octavo volumes containing papers relating

to the botanical collections of the Museum, and known as the Con-

tributions from the National Herbarium, has been published as

bulletins.

The present work forms No. 115 of the Bulletin series.

William deC. Ravenel,
Administrative Assistant to the Secretary,

In charge of the United States National Museum.
Washington, D. C, January 31, 1921.



niEFACE.

This piipcr is the result of studies begun many years ago, with a

view to clarifying the record of the crinoid forms herein discussed

from the confusion growing out of the excessive activity of some
authors in species making. The drawings of the Miller and Gurley

types, and those for plates 1 to 4 on Comantliocnnus, Hadrocrinus,

and Himerocrinus, were made by Mr. Kenneth M. Chapman of

Santa Fe, New Mexico. The text-figures were prepared by my
assistant, Dr. Herrick E. Wilson. In the preparation of the other

figures upon Dolatocrinus I have had the assistance of Dr. R. S.

Bassler in photographing the specimens, and of Miss Francesca Wieser,

of the United States Geological Sm'vey staff, in retouching the prints,,

for which I extend to them my sincere thanks.

Washington, D. C, April J, WW.
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THE FOSSIL rRTNOTD GENUS DOLATOCRLNllS AND ITS ALLIES.

By Frank Springer.

Associate in Paleontology, United States National Museum.

CRINOID FAUNAS 0I<^ THE MIDDLE DEVONIAN.

The crinoids which form the subject of this Bulletin constitute a

small group of generic forms having a singularly restricted distribu-

tion, being confined, so far as known (after a feeble beginning with

two hitherto undescribed species in the Niagaran and Helderber-

gian)/ to the Middle Devonian of North America. They belong

typically to the Gulf fauna, which during Onondaga time brought

widespread coral reefs into the interior region—best developed in the

Louisville, Kentucky, area. The faunas introduced by this Gulf

invasion continued through the later Onondaga and Hamilton epochs,

persisting in the Louisville area, extending far to the north into

Canada, and migrating around the Cincinnati axis into the western

part of New York.

This is the interpretation of the faunal conditions of that time given

by Prof. Charles Schuchert, in his Paleogeography of North Amer-
ica,- based upon general paleontological evidence ; and the occurrence

of the crinoid forms under consideration is in perfect agreement with

it. The principal colony was in the Louisville area, where these

forms appear in rocks of Onondaga age, culminating and becoming
extinct in the succeeding Hamilton. They spread northw^ard and
northeasterly, into Michigan, western New York, and adjacent Cana-
dian localities. No representative of these genera is known outside

of the limits thus indicated.

The leading type in abundance, so far as our collections show, was
Dolatocrinus , which from a few well-marked species in the Onondaga
increased to great profusion in number and variety, reaching its

acme in the Hamilton, where it is represented by numerous species.

But whereas in the Onondaga the species were extremely well defined,

rapid development ensued in the Hamilton under conditions favor-

able to a rampant growth, in which certain characters, stable and
thoroughly reliable in the earlier formation, become worthless for

1 Springer. On the crinoid genus Scyphocrinus, 1917, p. 25.

2 Bull. Geol. Soc. Amer., vol. 20 (1910), pp. .540, 544-545.
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the discrimination of species. This was followed by complete ex-

tinction, no vestige of this or allied types having ever been found in

later formations.

The forms in question are all included in the suborder Camerata,

but for lack of material the treatment of them in the monograph of

that group by Wachsmuth and myself in 1897^ was inadequate. A
considerable number of new species has been since described by
other authors, and I have in the meantime accumulated much addi-

tional material. This in conjunction with the types of the later

described species—chiefly in the Walker Museum of the University

of Chicago, generously placed at my disjjosal by Doctor Weller

—

will afford the information necessary for a more satisfactory discus-

sion and illustration of these genera. Many drawings for this pur-

pose were prepared some years ago, but the further preparation and

publication of the memoir have been delayed by the pressure of other

work.

The occasion for the present paper is the desirability of making

available for the use of others some of the matter which I have long

had in manuscript bearing upon the generic relations of the several

forms comprising this group, including the recognition of two new
genera.

The group belongs to the Camerate family Melocrinidae, which was

for convenience divided by Wachsmuth and Springer ^ into two sec-

tions, Melocrinites and Dolatocrinites, based upon characters not

sufficiently constant for family distinction. By transferring the

genus Patelliocrinus to the first of these sections and placing it next

to Macrostiilocrinus with three basals, we shall have the two sections

somewhat better defined with reference to the general habitus and

form of calyx than they have been when depending upon the very

slight and indecisive difference in the plates of the anal interradius

above the first range. The genera of the first section all have a more
or less elongate calyx, the dorsal cup being usually higher than wide,

subturbinate in form, expanding from a relatively narrow base to

the zone of greatest width at the level of the arms. In the second

section these characters are more or less reversed, the cup being

usually subovoid or hemispheric, broadly rounded, and wider than

high. Technocrinus may be regarded as an intermediate form, the

earlier species, now herein described, being of the latter type.

The new genera are proposed for forms, one of which was de-

scribed by Miller and Gurley as Stereocrinus indiancnsis, and the

other by Lyon as Hadrocrinus plenissimus, and both of which are

'North American Crinoidea Camerata, Memoirs Museum Comparative Zoology, Harvard, vol. 21, pp.
304-329.

< North American Crinoidea Cjimerata, pp. 264-267.



THE FOSSIL CRICOID GENUS DOLATOCEINUS AND ITS ALLIES. 6

thoroughly distinct from the types with which they have been asso-

ciated. The following definition and brief discussion will be suffi-

cient for the present purpose:

Family MELOCRINIDAE; section Dolatocrinites.

Monocyclic. Lower brachials, with well-defined interbrachials,

forming part of the dorsal cup. Radials in contact all around.

Symmetry of dorsal cup but little, or not at all, disturbed by anal

structures; cup usually wider than high, broadly rounded below,

with base depressed, flattened, or concave. Arms usuallv simple;

biserial with few exceptions.

ANALYSIS OF THE GENERA.
Basals 4:

Arms simple, biserial; base obconical; no auals Technocrinus.

Arms branching, biserial both above and below the bifurca-

tions; base forming an inverted cone; no anals Clonocrini's.

Basals 3, unequal, sometimes anchylosed;

Calyx usually small, or of moderate to large size; iBr few, in not

over two ranges.

Anal side not differentiated in dorsal cup.

Dorsal cup low and wide; basals small, undivided, sunk

in a shallow cavity; arms simple, uniserial Allocrinu.'=.

Dorsal cup higher than tegmen, broadly rounded; base

usually flattened or concave.

Tegmen flat or low convex, nearly symmetrical,

mth subcentral anal tube.

Arms little known; probably biserial, and

simple, except in one species which should

go into another genus; openings 10 to 40.

Basals small; usually in a conical depres-

sion and anchylosed; the smaller one,

when distinguishable, in left anterior

position

.

IBr 2 DoLATOCRINUS.

IBr 1 Stereocrin rs.

Anal side slightly differentiated in the dorsal cup by an

extra plate in second range.

Dorsal ciip subcylindrical; basals large, divided;

radials large, IBr small ; arms unknown Gentriocrinus.

Anal side also strongly differentiated in the tegmen by a

series of large, ridge-like plates extending from the second

IBr range to base of anal tube.

Dorsal cup low, broadly rounded, base flattened or

concave; basals usually divided.

Tegmen exceeding dorsal cup in height, strongly

bulging posteriorly, but with subcentral anal

tube.

Arms uniserial, simple.

Basals distinct; small basal in left posterior

position; IBr 2, the first reduced and
irregular in form CoMANTHocRmna, new genus.
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Basals 3, unequal, sometimes anchylosed—Continued.

Calyx very large; iBr in 3 to 7 ranges.

Anal side may be slightly differentiated above the first

range.

Dorsal cuji broad, low, and flattened.

Tegmen low convex.

Base small, vnth shallow concavity involving

radials and covered by column; basals

almost eliminated by atrophy.

Arms biserial, simple, heavy and few in

number—about 4 to the ray; iBr in 5

or more ranges.

IBr 1 Haurocrinus.

Dorsal cup broadly rounded.

Base deeply concave, forming an inverted cone.

Arms biserial, simple, small and numerous

—

16 or 17 to the ray; iBr in not exceeding 3

ranges; IBr 2, the second reduced and irreg-

ular in form Himerocrinus, new genus.

The material used in the following descriptions and discussions

and in the illustrations, unless otherwise stated, is all in the author's

collection now in the United States National Museum.

COMANTHOCRINUS, new genus.

In addition to the la^rger characters for this genus previously

mentioned, the following observations are pertinent:

Fig. 1.—Com.vnthocrixus.

// = i Br WW = i II Br
=;n= = interpinnulais p = pimiulars

The greatly elevated tegmen, with its cons]3icuous bulging at the

posterior side, and the accompanying marked differentiation of the

anal series, produce a wide departure from the nearly pentamerous

symmetiy which prevails in most of the genera of this group. The
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bulging is due to the great enlargement and asymmetrical swelling

of the intestine, which nevertheless discharges from the tegmen

almost centrally, through a small anal tube. The interbrachials are

few in number, consisting of one large plate, which may be followed

by one or two in the succeeding ranges, flanked by other plates

resembling interbrachials, but which are in fact fixed pinnulars;

interpinnulars sometimes present. The anal side is differentiated

in the tegmen by a median row of large plates, and sometimes in

the dorsal cup by an extra plate in the second interbrachial range,

but this is not constant; a narrow linear series passes up to the

median row above mentioned.

The base, in the left posterior position of the small plate, is not

only different from that of the associated genera, but is a departure

from the rule in monocyclic crinoids generally, this exceptional orien-

tation being known only in some specimens of Storthingocrinus , and

the Recent genus, Hyocrinvs. This character is nearly constant

in both species.

The condition of the first primibrach is also exceptional and pe-

culiar. Instead of being absent, as in Stereocrinus and Hadrocrinus,
it is reduced to a small lunate or elliptic plate, occupying a curved

socket cut out of the distal face of the radial (or also out of the plate

above it), usuall}' less than the width of that plate, but sometimes

extending entirely across it. A similar irregularity has been observed

in Eucalyptocrinus rosaceus, from the Devonian of the Eifel, in which
the first primibrach is also sometimes entirely absent.

The secundibrachs are arched into strongly rounded rays, with

broad depressions between. They form a continuous series which
pass into 10 strong, free, uniserial arms. They are incorporated in

the calyx to a varying extent by means of fixed pinnules, the bases of

which are closely united by suture. The lower secundibrachs follow-

ing the first bear a single pinnule, on the outside and inside of the

dichotom successively, while IIBr^, and probably all succeeding

brachials bear pinnules on both sides, increasing in number until

there are two on each side. This bipinnulate or quadripinnulate

structure is also unusual, but I have other good examples of it in the

genera Carpocrinus and Lampterocrinus. Ambulacral covering plates

in double series extend to near the base of the anal tube, and pinnular

ambulacra are also present, as in Marsipocrinus. These pinnules

give rise to openings through the calyx wall between the bases of the

rays, such as have been noted in species of Dolatocrinus , Batocrinus,

and other genera, in which they were formerly interpreted as "respi-

ratory pores." I have already explained their nature and origin

in the memoir on the genus Scyph ocrinus, 1917, (pp. 40-46).

In the great preponderance of the ventral portion of the calyx, as

evidenced by the flattened dorsal cup and high tegmen. this genus
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rcst'iubics the condition of the aduh coniatuhds generally, in which

the base is only a platform for the support of the visceral mass, in

contrast to the typical plan of the crinoids, in which the dorsal

parts iorm a cup inclosing the viscera. Among the paleozoic crinoids

of other Camerate families some exceptionally took the same form,

as, for example, the genera Agaricocrintis, Awpliora^'riniis, Cypho-

crinus, and the discoid species of Platycrinvs.

The genus is represented by at least two species, one from the

Onondaga and one from the Hamilton. The Hamilton form was

described by Miller and Gurley as Stereocrinus indianensis ,^ with

little indication of its peculiar characters, although they noted that

the species bears little or no resemblance to the type, and referred it

to Stereocrinus only because of its supposed identity under the generic

formula of 'two primary radials"^—that is, only one primibrach.

Even this was incorrect observation, the authors failing to see the

reduced first primibrach, which is constant in all specimens in which

the plates can be distinguished. Their type was from the Louisville

area, where a number of specimens preserving the tegmen have
been found. Specimens of what may be the same species occur in

the Hamilton of western New York, in one of which the character

of the uniserial arms is well shown.

The Onondaga species is much larger. Specimens from the Falls

of the Ohio at Louisville show some structural details better than

the Hamilton form, especially the extreme of fixed pinnulation; but

the tegmen is not preserved. Therefore I take the S. indianensis

as the type of the genus, and for the Onondaga form I propose the

name Comanthocrinus priscus. The latter species also occurs in

western New York.

Genotype.-—Stereocrinus indian£nsis Miller and Gurley.

Distribution

.

—Middle Devonian: Louisville area and New York.

COMANTHOCRINUS INDIANENSIS (Miller and Gurley).

Plate 1. figs. 1-G.

Stereucritius indianensis Miller and Gurley, Bulletin Xo. 12, Illinois State

Museum, 1897, p. 38, pi. 3, figs. 13-15.—Rowley in Greene, Contr. Ind. Pal.,

1904, vol. 1, p. 182. pi. 54, figs. 7, 8.

Type of the genus. The species is of relatively small size, average

specimens being about 20 mm. wide on the base and 17 mm. high

to the top of the tegmen. Dorsal cup low and flat; the relations of

its component plates are best shown by the accompanying generic

diagram (text fig. 1), composed upon the evidence of 12 specimens
of this species; the reduced and modified first primibrach is drawn
in its various forms in the different rays, also variations in the inter-

Biill. No. 12, lU. St. Mus., 1897, p. 3S, pi. .{, figs 13-1.5.
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brachials. The species represents a retrogression from the older form

in the less extent of incorporation of brachials in the calyx, or a

progression in the direction of greater freedom of the arms, which-

ever way one pleases to consider the case. The chief resulting dif-

ference to be noted is in the number and depth of incorporation

of the fixed pinnules. Here the arm becomes free at about the third

or fourth IIBr. IlBr, has an incorporated pinnule on the outer side

of the dichotom, the base of which may also connect by suture with

IIBi'g and 4. IIBrg has a free pinnule at the inside of the dichotom,

and IIBr^ bears two free pinnules, one from each side. Beyond this

in the free arm the pinnules increase to three and four to the brachial.

In a specimen with arms the pinnulation can be traced on the out-

side of the dichotom to the twenty-second free brachial, and on the

inside to the seventeenth. All have at least one pinnule at each side,

and about 12 brachials have two pinnules at one or both sides. On
bipinnulate brachials the outer pinnule is usually at a different level

from the inner. The pinnules are extremely slender, and in the one
specimen in which they are partially preserved divide into still

smaller branches. The openings for the fixed pinnules are small,

round, and project slightly from the edge. The course of the tegmen
ambulacra leading to them may be traced by the elongate slits, from
which the minute covering pieces have fallen away. (Compare
figs. 4 and 10 on pi. 1.)

Interbrachials in the second range usually two (or only one) in

number, with an additional plate between the two at the anal side,

usually followed by a single plate in the third range. The anal side

is well distinguished in the tegmen by a row of large plates (the

largest in the tegmen) having a well-defined median ridge extending

from just above the brachial zone to the base of the anal tube; the

swollen area widch marks the position of the gut does not coincide

with this ridge, but lies asymmetrically to the left of it. The tegmen
is highly elevated, strongly bulging at the left posterior; the anal

series and some of the axillary ambulacrals sharply pustulose. In-

terbrachial plates of dorsal cup may have obscure ornamentation,

usually obliterated.

Horizon and locality.—Hhimlton formation: Clark County, In-

diana; Louisville, Kentucky; and Ontario County, New York.

COMANTHOCRINUS PRISCUS. new species.

Plate 1, figs. 7-10.

A species double the size of the type—an average of 8 specimens
being about 40 mm. width of calyx at the arm bases. As the tegmen
has not been found, the comparative height can not be given. Dorsal
cup broad, shallow, and strongly concave. The disparity in size

evidenced by the wider spread of calyx in this species is correlated
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with a much greater extent of incoiporation of brachials by means of

the fixed pinnules. The broadly rounded secundibrachs are strongly

arched exteriorly, and are deeply V-shaped on the ventral side, the

wings of the V being further prolonged by the pinnules, the lower

ossicles of which form a continuous wall in the depressed interbrachial

areas. These give the appearance of numerous iBr plates above the

very large first interbrachial; but in fact the interbrachials are limited

to a single narrow plate following the first, or two in linear series,

the second of which may not reach to the exterior, while the other

rather numerous plates in the area are all pinnulars. In this way
secundibrachs to the height of the seventh are incorporated. IlBr2

has a ])innule to the outside of the dichotom, and IlBr^ has one to

the inside, neither of them showing externally (except at the margin),

with 8 or more pinnule-ossicles incorpo-

rated. IIBr^ to IIBrg have from 2 to 4

pinnules to each brachial, with 2 or more
pinnulars incorporated. The reduced first

]irimibrach occupies an oval space be-

tween the radial and the axillary IBr,

both of which are more or less excavated

for its reception. It is usually small,

strongly protuberant, and the radial ridge

Fi<:. 2.- PINNULES OF coMANTno- followiiig thc rays begins with this plate.
^^^^^'^-

The anal side is scarcely differentiated,

two narrow plates tandem succeeding the large first plate and
passing toward the tegmen, which is not preserved in any of our

specimens.

The inside of the dorsal cup is marked by an extraordinary com-
plex of grooves and ridges from the basals and radials up, which are

doubtless for the lodgement of nerve cords, but the exact function of

so many is not clear. They are comparable in number and position

with the ridges and furrows seen upon the dorsal side of calyx plates

in well-preserved specimens of Ilimeroennus iitlenissi'mufi , but nothing

so intricate has been observed upon the inner surface in other forms.

A few sharp nodes appear at the exterior on radials and interbrachials.

Most of the material is in poor condition, but we are fortunate in

having two specimens which, except for the lack of the tegmen, are

remarkably well preserved for exhibiting the essential characters of

the species; in one the dorsal and ventral surfaces are completely
exposed, and in the other the ventral side only. By means of these

we are able to illustrate both aspects of the calyx, and to show the

actual relations of the incorporated plates by diagrammatic sketch,

as well as by direct drawings. SeA'eral other fragmentary specimens
confirm the description in various particulars.
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With the incorporation of the lower pinnules in the calyx wall by
the growth of interradial structures, the space available for their

accommodation became reduced, resulting in more or less displace-

ment by crow^ding, packing and overlapping, so that the pinnulars

can not always be traced in linear succession, especialh^ at the dorsal

side. Some pinnulars w^ell developed at the interior of the calyx

wall are smaller exteriorly, or are not seen at all, thus giving rise to

confusion w^hen comparing the different views in the figures. Thus
the first pinnule, as seen from the ventral side, is plainl}- given off from
IIBrj, w^hereas at the dorsal side the lowest fixed pinnular appears

to be connected usually with IIB3, sometimes with IIBr4; and the

pinnulars connecting with IIBrj and IIBrg are usually not visible at

the exterior. I have shown the mode of succession by the diagram

(text-fig. 2), made from the ventral side, and the above fact must
be remembered when studying it, as well as v^hen comparing the

dorsal and ventral views of the calyx in the same specimen shown by
plate 1, figures 7, S. The enlargement of the lower pinnulars ven-

trally is at the expense of the adjacent plates, and therefore the outer

surface of the large iuterbrachial, contrary to the usual rule in the

crinoids, is larger than the inner.

Professor Rowley, in Greene'sContiibution to Indiana Paleontology ^

has described under the name Stereocrinusfdilatus a fragmentary speci-

men from the "Upper Helderberg" at the Falls of the Ohio, which
may possibly be identicfil with this species; l)ut it is impossible from
the figure or description to make out any specific characters, Rowley
noted, how^ever, a marked difference between this form and iS'^er6ocfmi/,,<f,

and said that if he had better material he would not hesitate to erect

a new genus for its reception.

Horizon and locaHfij.—Onondaga limestone: Louisville, Kentucky^
and Genesee County, New York.

Genus HADROCRINUS Lyon.

Plate 2, fig. 1.

Hadrocrinus Lyon, Transactions American Philosophical Society, vol. 13, 1869,.

p. 445-451, pi. 26, fig. a (not h and c).

—

Wachsmuth and Springer, 1897,.

North American Crinoidea Camerata, pp. 327-8, pi. 24, fig. 1.

Lyon's definition and formula for the genus specified 2 by 5 plates

in the first radial series, which in our terms would mean that it has

only one primibrach ; and he expressly stated in a note to the generic

definition on page 445 that "the formula is intended to receive all

crinoids with only two ray-pieces in the primary series. " Although
his first species in order of description was H. phnissimus , the only

species which agrees with his generic definition in the above character

» Vol. 2, 1906, p. 8, pi. 3, fig. 5.
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is //. discus. In the absence of an}' designation by the author, this

shoiikl b,e taken as the type species for that reason. Furthermore

Wachsmuth and Springer specifically declared discus to be the type/

and it therefore is the genotype by subsequent designation. H.

plenissimus becomes the type of a new genus. A third species,

Fig. 3.

—

Hadrocrinus.

//// = i IJr; WW = i 11 Br;^ = i III Br; dotted line = R R and Br.

named by Lyon H. j)e/ntagonus in the text and H. angularis on the

plate (fig. c), is founded on a fragmentary detached base, probably

belonging to Dolatocrinus grandis.

The type species is extremely rare, only three specimens besides

Lyon's original having been found. Although all imperfect, they

exhibit the generic characters very satisfactorih^, showing a wide-

spreading calyx, with a low tegmen of rather large smooth plates.

The bases of the very heavy biserial arms, restricted in number to

' N. A. Crin. Cam., 1897, p. :i27
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20, and therefore with only three orders of brachials, are well shown.

The most remarkable thing about this form, however, is the condi-

tion of the base. With the radials included, there is a shallow basal

cavity in which the basals are actually wanting in the specimens,

but in one traces of the attachment of four small remnants of plates

are seen inside the ring of radials (text fig. 4). Although their

presence is indicated by crenulae in the small notches at the junction

of the radials, the basals were practically eliminated from the calyx.

They are entirely absent in the

three specimens showing these

parts, the proximal edge of the

radials being deeply incised by
the lobes of the axial canal. A
huge column facet enveloped the

entire base, including the radials

and part of the next range; and

the basals, thus shut out from

the exterior, tended to disappear

by atrophy. Such an almost

complete elimination of basals

has not been observed in any
other Camerate crinoid, but is

paralleled among the Flexibilia

by the Silurian genus Cltisto-

crinus Springer, Crinoidea Flexi-

bilia (pi. 38, fig. 2b), and as to infrabasals by several forms of the

Ichthyocrinidae.

The radials and primibrachs are small, succeeded by large plates in

the brachial series, which are singularly irregular in form and size.

The half rays bifurate on the second secundibrach, which is followed

by about four ranges of tertibrachs and one or two biserial pairs of

arm brachials before the arms become free. The interbrachials are

in six or seven ranges, beginning with a large first plate followed b}'

two, with an extra plate interpolated on the posterior side. A nar-

row series, rarely exceeding two plates abreast, continues to the

zone of the arm bases, but the fourth range consists invariably of a

single plate. Similar plates are well developed in the second and

third axils.

The cah'x plates are smooth, entirely devoid of the intense sculp-

turing seen in H. pZemssiwus; but they have the very unusual char-

acter of broad, shallow median depressions containing smaller pits,

which are double or triple on the radial series and single on the inter-

radial, the triple pits being on the axillaries.

183081—21 2

Fig. 4.—Base in Hadrocrinus discus. Remnants
of atrophied basals indicated by notches;

RADIALS INDENTED BY AXIAL CANAL AND C0\T:RED

BY COLUMN, AS SHOWN BY' THE RADIATING STRIAE.
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The type and only species of the genus is typically of large size,

with calyx shallow and broad, the average diameter of three speci-

mens being about 10 cm.

Ilo'nzon and locality.—Onondaga (Sellersburg) limestone: Louis-

ville, Kentucky. A fragment belonging to the genus, and perhaps

to the type species, has been found in Erie County, western New
York.

HIMEROCRINUS, new genus.

HIMEKOCRINUS PLENISSIMUS (Lyon).

Plate 2, figs. 2; plate 3, figs. 1-4; plate 4, figs. 1-4.

Hadrocrinus plenissivius Lyon, 1869, Trans. Amer. PhUos. Soc, vol. 13, p. 445, pi

26, figs. 6 1, 6 2, 6 3.

—

Wachsmuth and Springer, 1897, North American

Crinoidea Camerata, p. 328, pi. 24, figs. 2 a, b.—Rowley in Greene, Contrib.

Indiana Paleontology, vol. 1, 1903, p. 165, pi. 48, figs. 5, 6.

Fig. 5.—HIMEROCRINUS.

//// = i Br; \\\\ = i II Br;^ = i III Br.

Dotted line = R R and Br.

The genus is founded on Hadrocrinus ylenissimus of Lyon^, which
is the only known species. It attains a very large size, one of the

largest of known Camerata, upwards of 20 specimens ranging from
10 to 15 cm. diameter of calyx. From a deep inverted cone involving

the basals and radials —which are both large—the wall spreads out-

ward in a graceful reversed curve to the arm bases, forming a broad,

•Araer. Philos. Soc, vol. 13, 1869, p. 445, pi. 26, Hgs. 6 1, 2, 3.
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shallow calyx, with a low tegmen composed of innumerable slightly

tumid plates, resembling that of the Actinocrinoid genus, Strotocrinus.

The surface is marked by a most profuse and highly sculptured

ornamentation, usually in the form of numerous intricate radiating

ridges and furrows passing from plate to plate from the radials up
which are sometimes broken up into pits less ornately arranged.

The higher brachials leading to the free arms are marked by a con-

spicuous longitudinal ridge, with strong lateral processes. There is

considerable variety in these surface characters, but they are too

much influenced by conditions of preservation to be available for

defining species.

The two special characters upon which the genus is founded are

the primibrachs, and the enormous brachial extension of the calyx.

These are thoroughly shown by the generic diagram (text fig. 5).

While the primibrachs have the normal number of two, instead of a

single axillary plate as in Hadrocrinus, they tend to assume an

unusual condition, which is the reverse of what is seen in Coman-
thocrinus. One of the primibrachs is frequently much modified,

but instead of the first, as in that genus, it is here the second, or

axillary, plate that is unstable. In about half of the specimens it

is more or less reduced in size, and singularly changed in shape and
])ro])ortions, while in others it is of normal size and form all around.

In some cases both forms are present in the same specimen. Lyon
interpreted the structure of the IBr as being the same as in H. discus.

In the intricate sculpture on many of the specimens the sutures are

difficult to see, and his type being of that character he did not

observe the presence of the two })lates, which are evident in upward
of 20 specimens. The modification in form of the axillary is seen

in the diagram, which is made chiefly from an extraordinary speci-

men obtained since Lyon's time, having the calyx nearly intact,

with a spread of about 15 cm., and the surface characters well pre-

served from the basal pit to the arm bases. It is finely shown by
figure 1 on plate 3.

The irregularity in the axillary is reduplicated to some extent in

the succeeding divisions, which are repeated to the number of 3 to 5,

exceptionally 6, at intervals of two plates for the first three bifurca-

tions, and longer higher up. After the third axillary the outer ramus
of the ray and of the half dichotom remains single, while the inner

ramus of the half dichotom branches, so that the number of arms
is normally 16 or 17 to the ray, thus making 80 or more arms in

all. The final brachial series bears a strong median ridge, and passes

into a relatively small biserial arm. The ridges and arm openings

are well shown in Lyon's figures h 2, and h 3, and I now have a spec-

imen with the arms preserved for a considerable distance (pi. 4, fig. 1),

Avhich in their number and small size are in marked contrast to
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the few massive appendages of the H. discus. It is in this respect

strikingly similar to Strotocrinus, which with a greatly expanded

calyx has similar small arms, in accordance with the fact, frequently

observed in crinoids, that increase in size of calyx is often accompa-

nied by a diminution in size of the arms.

The interbrachial plates are few and large, usually in three ranges

of 1—2—1 in the interray, and 2, exce])tionally 3, in single series in

the second axils, with an occasional plate in the third. The anal

interradius has usually an extra plate in the second range, but this

ma}' sometimes also occur in other interradii, so the differentiation

is not certain.

The column of this genus partakes of a peculiar structure, more
fully to be described under Dolatocrinus, whereby the nodal colum-

nals are remarkably conspicuous, having a

flanged peripheral rim overhanging and some-

times concealing the adjoining internodals,

and being studded in varying number with

projecting cogs resembling fins, while the in-

ternodals are thin and of less diameter.
Fig. 6.—Distribution of arms a ii j.1-

• • i j* ™ . oo u
IN HiMERocRiNus ^^ ^^^ spccimeus, mcludmg some 23 show-

ing the basal cone only, in addition to the

20 above mentioned, seem to belong to the type species, with the

possible exception of one. "Hall's Coronocrinus, from the Manlius of

New York, should be compared with this genus.

Horizon and locality.—The type and only described species is from

the Onondaga (Jeffersonville) limestone, at Louisville, Kentucky.

Genus TECHNOCRINUS Hall.

TECHNOCRINUS NIAGARENSIS, new species.

Plate 5, figs. 1, 2.

Among collections made for me in western Tennessee in recent

years are two forms belonging to the group under consideration, the

occurrence of which carries the age of their genera back to earlier

epochs than hitherto known. TecTinocrinus is typically an Oriskany
fossil of the Lower Devonian, found heretofore only in Maryland
and New York. It must now be credited also to the Silurian, on
the evidence of the single specimen which I have figured under the

above name. It was found in place in the Bob formation of the late

Niagaran in the first bluff below Cerro Gordo, on the left side of the

Tennessee River, in Hardin County, Tennessee; and it was associated

in the same layer with Lampterocrinus, which is a thoroughly charac-

teristic Niagaran form. The specimen is in good condition, showing
aU the generic characters very distinctly, and in addition to these the

plates of the dorsal cup are surmounted by small, delicate spines, some
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of which may have been movable. Several oi" these slender spines

are shown in the figure, and well-defined shallow sockets are seen at

the middle of some plates on which the spines are wanting. The
plates of the cup are more or less marked by low connecting ridges,

which become more j^rominent upward. The cup is a broadly

rounded ovoid below, with a tendency to contract a little toward the

arm bases. There were apparently 20 arms. Dimensions: Height,.

20 mm.; width, 30 mm. Spines occur also on one oi the Maryland
species, T. spintilosus, but in the surface characters and form of

calyx it is very different from this.

Horizon and locality.—Niagaran (Bob formation) : Hardin County,

Tennessee.

Type.— Of this and other new species herein described, Frank
Springer Collection in United States National Museum.

Genus STEREOCRINUS Barris.

The other genus which must be set further back in the time scale

is Stereocrinus, hitherto confined to the Middle Devonian, but which
now turns up in the Helderbergian as a well marked species, for which
I propose the name:

STEREOCRINUS HELDERBERGENSIS, new species.

Plate 5, figs. 3, 4.

In the material obtained by my collectors, Pate and Braun, from
the Linden formation at various localities in Benton County, Tennes-
see, during a period of several years, were numerous isolated plates

of an unknown Camerate crinoid, which by reconstructing a ray
from these pieces I identified as Stereocrinus. Afterwards the fortu-

nate discovery of a good calyx near HoUiday confirmed the identi-

fication. The genus was founded upon specimens from the Hamilton
of northern Michigan, and so far as I know it has not been recognized

in the Onondaga beds of the Louisville area. In the Michigan form
the calyx is strongly lobed in the zone of the arm bases, whereas in

the present species there is no interradial depression whatever, and
the arm bases form an almost continuous ring. Similar differences

occur between species of Dolatocrinus. The plates of the cup in this

species as found are usually smooth, with a low median ridge on the

radial series, but when well preserved are marked by a sharp and fine

striation. The tegmen is evenly convex, appearing too high in the

figured specimen on account of pinching, and is composed of smooth
plates. The specimen illustrated measures 30 mm. high and 42 mm.
in diameter. Isolated plates indicate that a larger size was attained.

There is also fragmentary evidence of the existence of a large

species of Dolatocrinus in the same beds with the Stereocrinus.

Horizon and locality.—Helderbergian (Linden formation) : Benton
County, Tennessee.
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Genus DOLATOCRINUS Lyon.

The definition of the genus sufficiently appears in the antecedent

analysis. While it is there stated that the anal side is not differen-

tiated, and elsewhere that the symmetry of the dorsal cup is not

disturbed by anal structures, these statements must not be taken

too literally. While it is true that there are usually on the dorsal

side no extra plates analogous to those in the first or second inter-

brachial ranges of the posterior interradius which are commonly

called ''anal plates," yet there is unquestionably more or less dis-

turbance of the Dolatocrinus calyx by reason of the position and

gi'owth of the intestine, sufficient to produce in the calyx as a whole

a certain bilateral symmetry. The anal tube is always decidedly

subcentral; and while the interray toward which it inclines may in

most cases have no increase in number of plates, a comparison of

numerous specimens shows that the posterior interradius is very

often appreciably wider than the others, and its plates larger. Little

is known of the arms of Dolatocrinus, they having only been seen in

two or three specimens, except in the New York species described

by Hall as Cacahocrinus troosti, and referred to Dolatocrinus by re-

visore, which has branching arms, and should stand as a different

genus under Troost's name adopted by Hall, or some other. Aside

from this, all the species probably have simple, biserial arms, and

they must have been extremely fragile.

Dolatocrinus is notable for the prominence of its first interbrachial,

which is the largest plate in the calyx, conspicuous alike for its size,

and in most species for its elaborate radiate sculpturing. It is usually

followed by one or two diminishing plates tandem, while the other

plates which appear in the interbrachial areas are fixed pinnulars,

some of which are so large as to lose the semblance of their primitive

function. This is the case with D. grandis, which has no interbra-

chials beyond the first, but the space which in other species is occu-

pied by a second interbrachial is taken by two large pinnulars resting

in part upon its angular distal face. The genus differs from others

having a similar incorporation of pinnules in their order of succes-

sion. In Comantlwcrinus , with uniserial arms, the pinnulation

begins on the second secundibrach, followed by one alternating on

the third, and beyond that on both margins of successive brachials.

In Scyphocrinus, also uniserial, the succession is alternately on secun-

dibrachs 2, 4, 5, 6, 7, etc. But in Dolatocrinus, with biserial arms,

the first incorporated pinnule leads from secundibrach 1, after which

the succession is alternately on 2 and 3, and beyond that on each

brachial of the biserial pairs.

The column of Dolatocrinus has some striking peculiarities not

observed in crinoids outside of this group, but which it shares with

that of Himerocrinus. It is composed of very thin columnals, some
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of which (the iiiternodals) are plain disks of uniform thickness for

their full diameter; alternating with these at different intervals are

other columnals (the nodals) also thin in their median portions,

which are of greater diameter than the former, and have at their

circumference a flange which projects at either side like the tire of

a wheel, to a width at least equal to the thickness of one internodal.

Thus two nodals may abut at the exterior by their flange-like rims

so as to arch over the intervening internodal and completely conceal

it from view; or, a greater number of internodals may be interposed,

up to 6 or 8 or perhaps more, in wliich case the nodal stands out in

relief, conspicuous by its higher level and greater thickness. Fur-

thermore, the nodals themselves are surmounted by certain singular

fin-like cogs transverse to their periphery—thao is, longitudinally

parallel to the column. These occur to the number of three, five,

or sometimes more, to each nodal, of which those of successive

nodals may or may not coincide in position; if they do, the column

takes on an angular outline. The cogs may be limited to the width

of the nodals to which they are attached, or they may extend either

way for the span of several internodals, perhaps in some cases con-

necting and forming continuous serrated longitudinal ridges along

the column. Some of these cog-like projections are relatively high,

even equaling the diameter of the column, and they evidently in

some cases form a continuation of the knife-edged ridges on radials

and primibrachs in forms like I), spinosus, D. marshi, etc. Owing
to the thinness of the columnals, the peripheral flanges of the nodals

are held by a weak connection, so that in the fossils they may often

be broken off, leaving only a continuous series of columnals of the

same size as the internodals (pi. 9, fig. 3).

Specimens with any portion of the column attached, or even any

considerable length of detached columns, are extremeh' rare, so that

we have little information as to the distribution of the nodal col-

umnals throughout the stem as a whole; but from the fragments

available, and from analogy with the mode of growth of the stem in

the crinoids generally, it is probable that in the proximal parts of

the stem the nodals are contiguous and conceal the interpolated

internodals under the arch formed by their flanges, while toward

the distal end the internodals increase in number, and the intervals

between the nodals become longer. Thus in the part of the stem

proximal to the calyx shown in figure 2 of plate 10 the nodal col-

umnals are in close contact, concealmg the internodals which maj'

be seen at the broken extremity, and the projecting cogs form con-

tinuous ridges. In figure 1 there are gaps between the nodals in

wliich internodals are seen, and the cogs do not always coincide in

alignment, both of which may be due to disturbance after death.

In various sections of stems figured on ])lates 9 and 10 the intervals
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in their natural condition are shown, some with as many as 12 inter-

nodals, wliich were probably from the distal portions. Among these

fragments also are shown some good examples of the form and ])ro-

portions of the nodal cohimnals, and of the cog-like processes, as

above indicated.

Sections of stem from near the root are found having strong

radicular cirri more or less radiately arranged; and in two instances,

clearly belonging to this genus, a cirrus appears in place of one of

the cog-like processes, which suggests the idea that these outgi-owths

of the nodal columnals are analogous to cirri.

Lyon observed this peculiar type of column, and gave a description

of it, with a figure, in his paper of 1869 in the Transactions of the

American Philosophical Society (p. 451, pi.. 26, fig Ji); but with the

terms he used his descri])tion is rather hard to understand.

There is in the species of this genus a marked instability in the

form and proportions of some of the principal calyx plates, as well

as in some otlier characters. There is much variation in size of the

radials, brachials, and intc-rbrachials, not only among dift'erent speci-

mens of the same species, but also among the different rays of the same

specimen, so that the relative shape and size of these plates are of

little value in the definition of species. Even in some of the best

defined and most constant Onondaga species, such as D. spinosus,

we find the conspicuous first interbrachial undergoing change from

broadly truncate above to elongate and almost acuminate, without

apparently affecting any of the other characters; and in D. lacus the

number of interbrachial ranges may vary among specimens otherwise

almost counterparts. Many other examples could be cited, including

abnormal specimens, rather frequent, especialh^ in Hamilton species,

such as those with four rays, with a sixth plate in the radial circlet, etc.

:

and the instability in these and otlier respects must constantly be

taken into account in considering the definition or identification of

species of this genus.

Genotype.—Dolatocrinus lacus Lyon.

Distrihution.—Onondsiga: Louisville area, and Ohio
;
perhaps Helder-

bergian, Tennessee.

THE SPECIES OF DOLATOCRINUS.

In the following discussion of Dolatocrinus and its species there

will be frequent reference to a few works for which it may be conve-

nient to use abbreviations; these are:

Miller and Gurley. Bulletins 4 to 12 of the Illinois State Museum, 1894 to 1897.

Cited: "Miller and Gurley, Bull. 4, 1894, etc."

Wachsmuth and Springer. North American Crinoidea Camerata. Memoirs

Museum of Comparative Zoology, Harvard, vol. 20, 1897. Cited: "Wachsmuth
and Springer, N. A. Crin. Cam. 1897."
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Rowley; in Greexe. Contribution to Indiana Paleontology, vol. 1; issued in 20

parts, Feb., 1898. to Sept., 1904, continuously paged, pp. 1-204, plates 1-60; and

three parts of vol. 2, July, 1906, to Nov., 1906, pp. 1-38, plates 1-9. Cited :
" Rowlej^

in Greene, 1903, etc."

The genus Dolatocrinus is remarkable among all Camerata for the-

extraordinary number of species which have been described under

it from a single horizon within a small local area. The total number
of named species and varieties for all areas is 77, all from the Middle-

Devonian, of which 15 are from the Onondaga and 62 from the

Hamilton. Sixty-five belong to the Louisville area, and of these^

49 species and 4 varieties are described from the Hamilton alone.

The crinoid-producing exposures in the Hamilton beds of this area

are of very limited extent, being confined principally to a few miles

opposite Louisville, and along Silver Creek and other streams in

Clark County, Indiana, from which the types of nearly all the 53

alleged species and varieties have been derived. The specimens are

almost never found ^^ith any part of the arms attached, and we
know nothing of the structures distal to the cah'x, except that the

arms are biserial and probably always simple. Hence the descrip-

tions are necessarily restricted to characters observed in the calyx

alone, which in this genus is of the most simple construction, having

a nearly pentamerous symmetry, so that we are without the benefit

of characters for discrimination usually afforded by the presence of

anal structures. The slight differences occasionally noticed in the

second or third ranges of interradial plates are inconstant and mostl}'

sporadic.

The occurrence of such an incredible number of species of one

genus, from a single horizon at the same locality, is in the highest

degree improbable; and the statement of the foregoing facts alone

is sufficient to put the list under suspicion. It is of importance that

the character of the crinoidal fauna of this celebrated locality should

be correctly understood, in order that authors and students may not

bo misled into erroneous conclusions regarding it.

The greater part of this multiplication of specific names is due
to the activities of Miller and Gurley, who, during the years 1894-1897,

published in the Bulletins of the Illinois State Museum 37 species of

Dolnfocrinus from the Hamilton beds alone, in addition to four from

the underlying Onondaga, all from the vicinity of Louisville. By
the work of these authors, chiefly in the publications mentioned,

and of Mr. ^Miller alone in the reports of the Geological Surveys of

Missouri and Indiana, several hundred species of crinoids and blas-

toids were described and illustrated, mainly from specimens in the

rich collection accumulated by Mr. Gurley, which he afterwards

placed at the service of science by donating it to the Walker Museum
of the Universitv of Chicago. Bv these means a great number of
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new and instructive forms were brought to light, and a valuable

addition was made to our knowledge of the prolific crinoidal faunas

of the interior continental basin. Most of the specimens were

obtained by Mr. Gurley through purchases from local collectors,

some of whom were not geologists, and sufficient care was not always

taken to determine the exact horizon from which they were derived;

so that in several instances the stratigrapliic position assigned to the

species in the published descriptions is not correct. This is notably

the case with some of the most conspicuous forms of the Louisville

area.

Subsequently Mr. George K. Greene, the veteran collector at New
Albany, Indiana, on the Ohio River opposite Louisville, published

a series of pamphlets extending through the years 189S-1906, which

collectively formed the volumes entitled: Contribution to Indiana

Paleontology, for the purpose of illustrating his extensive collection

of corals and crinoids—the work upon the latter being intrusted to

Prof. R. R. Rowley, of Louisiana, Missouri. This resulted in the

proposal of 16 new species and varieties of Dolaiocrinus , likewise all

from the Louisville area.

The type and another early species had been published by Lyon,

and seven others from New York, Canada, and Michigan by Hall,

Whiteaves, and Barris, respectively. Of those published by Wachs-

muth and Springer in their Monograph of the North American

Crinoidea Camerata in 1897, some had been anticipated by the descrip-

tions of Miller and Gurley while that work was going through the

press, and it is necessary for the correctness of the record that the

synonymy of these should be definitely stated. Two species from

Michigan were published by Miss Elvira Wood in 1904. I am
informed that at least two new species and as many varieties from

New York are to be published by the State museum; and I am
reluctantly compelled to swell the list by adding four new names

on my own account.^

Recurring again to the numerous Hamilton species published by

Miller and Gurley: In order to facilitate the describing of species,

they at the outset laid down as an ironclad rule that the number of

arms alone should constitute an invariable specific character, so that

•The dilterences in the known crinoidal faunas of the several TIauiilton areas of the Middle Devonian

of this continent are very striking. At Louisville Dolatocrinus is the leading genus, followed by Megistn-

crinus, Nucleocrinus, Codastcr, etc., but no sign of Mdocrinus or of any Flexible crinoid; in Callaway

County, Missouri, Melocrinus occurs, and an Ichthyociinoid ot the genus Daclylocrinns, but no Dolatocrinus

or Mcgislocrinus; in Iowa Mcgistocrinus and ^fdocrinus and a notable new Ichthyocrinoid, but no Dolato-

crinus in northern Michigan, Dolatocrinus, Mcgistocrinus, Nucleocrinus, and Codastcr, of species mostly well

differentiated from those of the Louisville area; in Wisconsin, Melocrinus closely similar to the Missouri

species, forms v.-hich also extend far to the north in the McKenzie Basin, Canada; in the last four areas, not

including the Canadian, species belonging to the Floxibilia occur, of diflforent forms in each. In western

New York and Ontario, Dolatocrinus and Mcgistocrinus closely related to the Louisville forms occur; but
in addition to these an extraordinary assemblage of other forms not i eprasentcd in either of the other areas,

which are soon to be dPsoril)ed in a Memoir bv the the New York State Museum.
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by this means they were reheved of the trouble of comparison with

species otherwise similar, which they usually declared to be unneces-

sary. Thus in Bulletin 8, page 46, in describing D. charlestownensis:

It is, of course, unnecessary to compare it with any other described species, because

the arm formula alone distinguishes it.

This plan placed the describing of species upon a sure mathematical

basis; but it had its limitations. The range of variation in number
of arms in a single otherwise constant form of Dolatocrinus mnj be

from 10 to 20, which w^as soon in danger of being used up. So the

authors w^ent a step farther, and evolved another scheme of infinite

possibilities^ namely, that not only is the number of arms an invari-

able specific character, but also the mode of grouping of the arms

among the five rays—so that newly acquired specimens not other-

wise distinguishable from species already described could readily be

made the types of new species upon this character alone. Thus they

say in the ninth Bulletin, page 47:

This species is distinguished from all other 16-armed species * * * by the arm
formula. For example, the arm formula in D. coelatus is A-A-A-2-2; in D. nodosus

it is 4-3-3-3-3; in D. salebrosus it is 4-3-2-3-4; in D. arroms it is 4-4-3-3-2.

x\nd on page 51

:

It can be of no service to compare this with any species having a different arm
formula, for that alone distinguishes it.

The beauty of this plan will be evident when we consider that if

we take only the most usual variations, caused by the addition of

one or two arms, thus giving 2,3, or 4 arms to the ray, there would
be 120 different permutations of these numbers among the five rays

of a crinoid, each of which under the authors' latest rule would estab-

lish a distinct species; that is to say, 120 species under any otherwise

defined form. Every one of the dozen or more recognizable Hamilton
forms of that locality may exhibit similar variations in number and

arrangement of arms; so that with sufficient collections there would
be as the logical result of this process, consistently followed up, about

1,500 possible species of this one genus, in a single formation S feet

thick, and at the same locality.

Now it is a fact abundantly established that a character which

is available for the differentiation of species in one group or genus,

or in one formation or locality, may as a result of different conditions

be utterly worthless in others. This is notably true in regard to the

number of arms in the crinoids. Among the recent forms, especially

the comatulids, variation from 10 to 20 arms is not uncommon, while

on the other hand a definite number of arms is constant for many
large groups.

In certain prolific and extremely well-marked Carboniferous spe-

cies, such as Macrocrinus verneuilianus and Dizygocrinus rotundus,

there is a considerable range of variation in number of arms (which
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Miller and Gurley utilized, however, by making new species for all

of them), whereas in many other Batocrinoid genera the number is

generally constant for the species. Among the Onondaga species of

Dolatocrinus the number of arms appears to be usually constant and

well correlated with other characters. In the Hamilton the genus

reached its acme of development, resulting in an enormous increase

in number and variety, followed, as usual in such cases, by extinction.

It was a period of active mutation. Several extremely well-marked

types were produced, which may readily be distinguished from the

Onondaga forms and from one another. Some of these, which no

experienced paleontologist would fail to recognize at a glance, include

variations in number and grouping of arms and in minor details of

surface ornament which, if regarded as essential, would result in

making a new species for almost every well-preserved specimen that

turns up. In fact, that is what actually occurred as to a large part

of Miller and Gurley 's Hamilton species; for in the Gurley collection,

containing all the material used in their study of this genus, 18 of

their species are represented only by the single type specimen, there

being no duplicates except in the other 19. And to show how the

use of the arm character would work out in practice, there are in my
own collection upward of 20 specimens belonging to the most pro-

lific Hamilton form of the locality which have arm formulas different

from that of an}^ of Miller and Gurley's species, and every one of

them, under their rule, would have to be made the tj^pe of a new
species.

The recognition of the several well-defined and definable Hamilton

types will result in the reduction of the species to a reasonable

number, within the bounds of probability. I shall attempt to point

them out, and to give the names which by reason of priority should

be attached to them. Much of the matter contained in the lengthy

descriptions (often tedious repetitions of generic characters) is of no

practical service for the discrimination of the species. For any

valid species it ought to be possible to point out some one definite

character, or combination of characters, not due to individual vari-

ation or sporadic occurrence, by which it is distinguished and con-

trasted with others. Supposed species for which this can not be

done should be merged in the nearest one that is well defined.

The characters which have been chiefly considered in the differen-

tiation of species in this genus are the following:

Form.—The general form and proportions of the calyx are useful

characters which mark several well-defined types. It may be rather

high cup-shaped, with vertical sides and flat base: bowl-shaped or

hemispheric, expanding by a regular curve from a narrow base to the

arms; basin-shaped, with nearly straight sides, spreading at a wide

angle from a truncate and concave base; depressed bursiform, con-

stricted below tlie arm bases, the sides (airving inward to a broad
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Hat or concave base. Along with these various shapes, but not always

concurrent!}^ with particuhir forms, the tegmen may vary from
nearly flat to convex or conical; deeply lobed or sloping evenly; with

plates well defined, or rather obscure on the smooth surface; w4th

surface granular, covered with small pustules, sharp or rounded
nodes, or strong spines. The base may be sharply excavate into a

deep or shallow^ pit enclosing the column, broadly concave, flat, or

protuberant. In some forms the tegmen is remarkably constant

and characteristic; in others, especially the large bursiform type, it

is subject to much change due to pressure in fossilization.

Surface ornament.—There are upon the plates of the dorsal cup
two kinds of sculpturing: (1) A longitudinal median ridge following

the radial series, which may be limited to a few of the lower plates

or may traverse the entire distance to the arm bases; may be low,

rounded, inconspicuous, or high, shiirp, and very prominent; or it

may be absent altogether. It is formed with nodes at the centers of

the plates as nuclei, which may be elongated until they connect at

the sutures, or may be connected by a rounded neck; if the connect-

ing Jieck approaches the size of the nodes, the ridge may be called

continuous, and if very much smaller and inconspicuous, it may be

called discontinuous. Agam, the central nodes may be substantially

isolated, but even then there is usually some trace of a connection

marking the course of the buried nerve cords. (2) A secondary

sculpturing which consists of more or less continuous radiating

striae, straight or wrinkled, or lines of small pustules, passing from
])late to plate, tending to form concentric triangles; or of nodes or

pustules not radiately arranged. Primarily the ridges connecting

the centers of both radial and interradial sets of plates are the external

representatives of the nerve cords which innervate the growing
skeleton, and the triangular arrangement results mechanically from
the mutual relations of the plates. With age they may become
variously modified by secondary growth, reduplicated, intensified,

or broken up into nodes by w^hich the original fine lines are inter-

rupted, obscured, or obliterated. These processes will produce

extremes of the tw^o types of sculpture, between which there may be

an infinite number of combinations in which the tw^o are more or less

intermingled. Sometimes the striae are bent or wrinkled, making a

vermicular kind of ornament; and in some cases there are neither

definite striae nor nodes, but all plates are tumid and radiately fur-

row^ed. If certain lines of the triangles are accentuated, a stellate

figure is produced around the base. On account of intergradation

between the different tyjjes, too much importance must not be

attached to the surface ornament. Even Miller and Gurle}^ had
some doubt about it, for they said in Bulletin 4, page 25:

We are satisfied the sculpturing is not uniform on specimens belonging to the

same species.
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Nevertheless they afterwards often stated as to a new species that

it " differs from all others in surface ornamentation and nmnber of

arms." Unless fairly definite stages of these surface modifications

can be correlated with some other character, I am unable to regard

them as of much practical value in the discrimination of species^

(See further under D. incisus and D. asperatus.)

So-called " azygous side."—This was Miller's term for what other

authors usually call the posterior, or anal, interradius. In this

genus that side is usually not differentiated in the dorsal cup by any
increase in the number of plates, but may be in some cases by the

greater size of corresponding plates. The first and second ranges of

interbrachials consist normally of one plate each, from which number
thqy rarely vary; slight differences occasionally occur in the third

range, but these are sporadic, not constant for the species, and may
be disregarded in the descriptions.

Pinnule openings; ^'ovarian apertures" ; or ''pores."—Much has

been said in the specific descriptions about the openings through the

calyx wall which occur in varying numbers in the zone of the arm
bases. They have been called "ovarian apertures" by Miller and
Gurley, and "respiratory pores" by Wachsmuth and Springer. As
already stated, I have elsewhere'" shown by conclusive evidence

of specimens in which the parts are perfectly preserved that these

slit-like openings or pores, which occur also among the Batocrinidae,

Platycrinidae, and the non arm-branching Camerata of other families,

are the openings for pinnules which are to a greater or less extent

incorporated in the calyx, and emerge directly through the wall

along the margin where the dorsal and ventral structures meet,

analogous to the oral pinnules of the Recent crinoids. It is probable

that they occur in all species of Dolatocrinus, unless perhaps in some
where the arms become free directly upon the first secundibrach.

In several cases where the species were described as without "ovarian

pores," subsequent inspection has disclosed their presence; and
their apparent absence in any specimen maj^ be due to their being

obscured by silicification or covered by matrix, or to their incon-

spicuous occurrence. They differ in shape and size in different

species or groups of species; in some they are indicated by long slits,

well exposed and visible at a glance; in some the}" are very small

and lie close under the edge of the arm, but are absent in the wider

space between the rays, in which case, especiall}' when there is a

rugose surface, they are hard to see.

The elongate slits represent the ambulacral grooves leading to the

openings, from which the minute covering pieces have fallen away,

a shown by figures 4 and 10 on plate 1.

10 On the genus Scyphocrinus, 1917, pp". 33-37; 40-46; pi. 9, figs, oa, b, 6; see also pi. 1, figs. 4, 10, and pi.

2. figs. 3, 4, herein.
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The number of visible openings depends upon the extent to which

brachials are incorporated, as has been shown in regard to the two
species of Comanthocrinus. If the arm becomes free on the first

secundibrach, there may be no pores through the calyx wall, or only

a single one at one or both sides of the arm-base ; if higher secundi-

brachs are incorporated, the number correspondingly increases. In

D. grandis (pi. 7, figs. 2, 5) the biserial arm is incorporated for a

distance of several pairs of brachials following the third secundibrach;

a fixed pinnule leads from IIBr^, on the outer side of the dichotom.

followed by one on IIBrj, inner side, next by one on IIBrg, outer

side, and then by one for each margin of the biserial pair, each of

which leads to an opening. Therefore when one pair of brachial

ossicles succeeding IIBrg are incorporated, there will be 6 pores

between the rays and 4 between their divisions; and with further

incorporation of arm brachials the number of openings will be

increased to 8, or even 12. In D. hulbaceus only one small pore is

present for each arm; in stelUfer and am plus there are always 2 for

each arm, and from 2 to 4 for each interradius.

Numher of arms.—With the foregoing category of available char-

acters to choose from, it ought to be practicable to find correlations

of sufficient constancy to define the species without resorting to any-

thing so purely arbitrary as the number and grouping of arms,

standing alone, in forms wJiere this character is clearly subject to

great individual variation. I do not wish to be misunderstood on
this point, and it must not be supposed that I am denying the impor-

tance of the number of arms as a general proposition. On the

contrary, it is a character of great value and of wide application,

representing as it does progressive stages in the ontogeny of the

crinoids which often become fixed, and furnish decisive criteria in

the separation of groups. The entire Larviformia division of the

Inadunates is characterized by having the arms in the primitive

stage, without any axillary plate in the ray, and therefore five in

number. The change in other groups from 10 to 20 arms, due to a

second bifurcation in all the rays, indicates a certain progress in calyx

development by increase in ray capacity that probably correlates

with other facts. Where the change is of less degree—such, for

example, that only one of the two arms in each ray bifurcates—but
according to a definite plan, it may be a good character. For
instance, the 15 arms, 3 to each ray, of D. triangulatus of the Michigan
area, constant as I have it in 23 specimens, and correlated with a

definite form and proportion of calyx and style of ornament, is a

good character to help distinguish it from somewhat similar forms
having a constant number of 2 or 4 arms to a ray. The 10 arms of

D. grandis is a perfectly reliable character as against the 20 arms
of D. spinosus, or the 30 arms of D. exstans, or the 40 of D. multi

hracJiiatus. But if a specimen of D. spinosus happened to have
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19 or 21 arms, or one of D. multibmchiatus 37 or 43, that would not

make them different species, since the general m.orphological condi-

tion would remain the same. It is even true that in some groups

species are marked hy increase in the number of arms occurring in

less than all the rays, as in Agaricocrinus and Megistecrinus, where
the arms may be variously grouped, yet the groupings are according

to a definite plan, having a certain relation to the bilateral symmetry
of these crinoids. But it is in forms of simple construction like

Delatocrinus , when the change in number of arms from 10 or more
to 20 or less is effected b}" the addition or subtraction of one or two
arms in one or more rays at random, without any definite order or

system, and tliis in forms otherwise similar, that such differences

must be wholly disregarded in the definition of species.

The crinoids from Louisville and vicinity of Onondaga age have
been derived chiefly from rocks exposed at the Falls of the Ohio

River which lie below the hydraulic limestone, being of a formation

•of crv^stalline limestone 20 to 30 feet thick, now known locally as the

Jeffersonville limestone. Those of the Hamilton are from the upper

part of a limestone formation, 8 feet thick, called the Sellersburg

limestone, of which the most productive exposures are along Silver

Creek in Clark County, Indiana, above the hydraulic limestone.

Bear Grass Creek on the Louisville side was in former years a well-

known localit}^ for Hamilton crinoids, from which many fine speci-

mens were obtained by the early collectors. For a lucid account of

the stratigraphy and local occurrences of the region see Dr. R. S.

Bassler's paper of 1908 on The Nettleroth Collection of Invertebrate

Fossils." For convenience I use the expression "Louisville area" to

designate the general locality, including the Falls of the Ohio and the

exposures on both sides of the river at Louisville, and along Silver

Creek in Clark County, Indiana.

The relations of the recognizable species are shown by the sub-

joined analytical ke5'^s, the Onondaga and Hamilton species being

treated separately. Following these I have listed the species for the

respective formations with the synonyms under each. The number
of species is thus reduced to 12 for the Onondaga and 23 for the Ham-
ilton. To avoid needless repetition, it should be noted that the

types of Miller and Gurley's species (except three that were lost) are

in the Walker Museum at the University of Chicago, and those of

Rowley are in the American Museum of Natural History in New
York; and that all the species described by both these authors are

from Louisville, Kentuck}', and vicinity. The types of Hall are in

the American Museum; those of Miss Wood in the United States

National Museum; and those of Lyon, Barris, Wachsmuth and
Springer, as well as the new material here figured, are in the

author's collection, now in the L^nited States National Museum.

" Smithsonian Miscellaneous Collections, vol. 52, p. 2, pp. 121-152.

I
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ONONDAGA SPECIES.

[Valid species in italics; synonyms in roman.]

With 10 arms.

Calyx small.

High cup-shaped, with broadly truncate base; central nodes

small.

Radiating striae few and coarse.

Tegmen low
;
pinnule openings prominent.

Sides of cup nearly vertical D. lacus.

—approximatus

.

Sides of cup sloping inward from broad base. . D. pyramidaius,

new species.

Depressed basin-shaped, sides sloping outward; broadly

curving base with small pit.

Radiating striae or wrinkles fine and numerous; radial

ridges low or wanting; no nodes. D. ornatus.

Surface smooth; tegmen and cup evenly rounded to a

globose contour D. rotundus, new species.

Calyx medium sized.

Doubly conical, with broad base; sides sloping at wide angle

to arm bases; sharp median ridge on radials and IBr.

Radiating striae coarse or wanting.

Tegmen rather low D. spedosus.

Radiating striae line and sharp.

Tegmen higher; pinnule openings prominent I), marshi.

Calyx large, subhemispheric.

Base truncate, deeply excavate, involving all of radials;

iBr single, angular above, followed by two plates which

are pinnulars; median ridge on radials and IBr obtuse

or absent; surface of cup-plates strongly wrinkled. Teg-

men high convex; pinnule openings large and numerous.

.

L>. grandis.

—excavatus.

— A'ar. unicarinatus.

— fossatus.

With 20 arms.

Calyx large.

Base shallow concave, with small pit; cup-plates orna-

mented with fine radiating striae; median ridge on radial

series strong, keel-like.

Tegmen moderately convex
;
pinnule openings few and

prominent.

Median ridge confined to radials and IBr. Teg-

men bearing strong spines D. spinosus.

—curriei.

Median ridge continuing to arms. Tegmen without

strong spines D. insuetiis.

Insufficiently defined ; similar to spinosus in dorsal

cup, but tegmen unknown D. lamellosus.

Base broad and flat, with shallow pit not including radials;

surface smooth, small node or spine on IBr, exceptionally

a keel-like ridge D. major.

18R0cSl—21 3
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With more than 20 arms.

Calyx large.

Base protuberant; tegmen bearing long spines. Arms

about 30 D. exstans, new species.

Base shallow concave, Avith small pit, similar to spinosus,

but with about 40 arms -D. multibmdiiatus.

DOLATOCRINUS LACUS Lyon.

Plate 5, figs. 6, 7.

Dolalocrimus lacus Lyon, Geol. Surv. Kentucky, vol. 3, 1857, p. 482, pi. 41, figs.

2a-e.—Billings, Canad. Org. Rem., Dec. 1, 1858, p. 29, text-figs. 13-18.

—

Miller

and Gurley, Bull. 4, 111. St. Mus., 1894, p. 9. pi. 1, fig. 4.

—

Wachsmuth
and Springer, N. A. Grin. Cam., 1897, p. 311, pi. 261, figs. 6a-c.

Dolatocrinus approximatus Miller and Gurley, Bull. 4. 1894, p. 25, pi. 3,

figs. 4-6.

This, the type species of the genus, has been thoroughly described

and illustrated in the literature. The chief points to observe are its

almost rectangular outline in vertical section, the broad and flat

base, and relatively high calyx with low tegmen; the ornament is by
small central nodes on the lower plates, and a few prominent raised

lines, producing distinct stellate figures. The species is rather below

medimn size, ranging from 15 to 20 mm. high and 20 to 25 wide.

In typical specimens the height to width of calyx is about as 1:1.25,

and the width at the flattened base about equal to that at the arms

;

but there is variation from this to 1:1.5, the lower forms of greater

width having more curvature at the sides and relativeh" narrower

base; there is also variation toward fine instead of coarse radiating

lines upon the plates. A remarkable enlargement of the base in some
specimens beyond anything heretofore known in this group seems to

indicate a distinct allied species, D. pyrainidatus

.

Throughout all these variations one constant character prevails,

which always arrests attention, and that is that the two or three

secundibrachs, with sometimes a biserial pair of arm-ossicles, are

incorporated in the calyx in such a way as to produce four conspicu-

ous pinnule openings in each interradius, and two, rarely four, in

the spaces within the rays; in the latter case they are more crowded.

These prominent pinnule sockets, and the broad flat base, give to

the crinoids of this type, notwithstanding their small size, a very

characteristic aspect.

Horizon and locality.—This form occurs both at Louisville and in

the Onondaga limestone at Columbus, Ohio; and the 30 specimens

which I have from the two localities conform closely to the type, sub-

ject to the variations mentioned; they show no tendency to modifica-

tion in the normal number of 10 arms, the solitary specimen on

which Miller and Gurley based their 11-armed synonym, approxi

inatus, being a mere sporadic occurrence.

I
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S. S. Lyon gives the horizon of D. lacus as '' above the hydrauHc

beds," but says that some specimens occurred at the base of the

hydrauhc Hmestone. All the specimens in the Lyon collection when
I purchased it, including the type, were labeled "LTpper Helderberg;"

and Colonel Lyon's son, Victor W. Lyon, who collected many of

them, said that to his personal knowledge they came from the " upper

part of the Nudeocrinus bed." George K. Greene labeled all the

specimens which I obtained from him as "Upper Helderberg;" and

the occurrence of the species at Columbus, Ohio, confirms the horizon

as Onondaga. The statement in Lyon's text must have been due to

oversight or confusion of notes.

DOLOTACRINUS PYRAMIDATUS, new species.

Plate 5, figs. 8-11.

Of the type of D. lacus, but with base enlarged to a width greater

than that of the calyx at the level of the arms, so that the slope of

the nearly straight sides is inward at less than a right angle. The
first primibrach and first interbrachial are bent inward below to

form a part of the flat base, the calyx resting upon the small nodes
upon these plates. This very unusual contour occurs in three well

marked specimens; the largest of them, which abnormally lacks an
arm in one ray, is about 22 mm. high by 28 mm. wide at the arm
level, and 31 at the base. Pinnule pores are very conspicuous, 2

and 4 to the interspaces.

Horizon and locality.—Onondaga (Jeffersonville limestone): Louis-

ville, Kentucky.

DOLATOCRINUS ORNATLS Meek.

Plate 6, figs. 1-4,

Dolatocrinus ornatus Meek, Proc. Acad. Nat. Sci. Philadelphia, 1871. p. 57.

—

Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 181, pi. 2. figs. 7-9.

Described by Meek without illustration, but well figured by Miller

and Gurley, their figure corresponding in all essentials with the type
in Columbia University, which is here figured for the first time.

The species is not uncommon in the Onondaga rocks at Columbus,
Ohio, and I have it also from western New York. From the Ohio
locality I have a number of good specimens, averaging somewhat
larger than that of Miller and Gurley's figures. It is, however,
typically a small species, and differs decidedl}^ from the other small

Onondaga species, D. lacus, in the relatively lower, broader, and
less angular calyx, and in its peculiar sculpturing by means of very
fine radiating costae, which become bent and wrinkled in various

Avays, producing a sort of vermicular style of ornament. In most
specimens a low continuous radial ridge is defined, but in some it is

entirely wanting. The tegmen is remarkablv constant among the
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specimens both of the original species and the variety, being broadh'

and rather deeply lobed, and covered over the entire surface with

numerous small projecting tubercles. One little point peculiar to

this species is a sort of overhanging lip from the edge of the tegrnen

between the rays; it seems to be present in all the variations.

This form persisted into the Hamilton, where it increased in size,

and underwent some striking changes in surface markings, while

retaining with thorough constancy the cliief distinguishing characters

of the type. This was described by Miller and Gurley as a variet\',

asperatus, but in view of the difference in horizon, it is better treated

as a species, and it will be listed as such under the Hamilton.

Horizon and locality.—The type of D. ornatus is in Columbia Uni-

versity; and the species is from the Onondaga limestone at Columbus.

Ohio, and in western New York.

DOLATOCRINUS ROTUNDUS, new species.

Plate 5, figs. 12, 13.

This species is founded upon a single specimen, of a type differing

from all others in having a perfectly round calyx, without angularities

or projections of any kind; the surface is smooth, and there is no

lobing, or depression, except a slight one for the column facet. It

has 10 arms: although surface preservation is good, pinnule openings

are not discoverable between the arm bases. The dimensions are

25 mm. high by 30 mm. wide, being slightly contracted verticallj^;

1 7 mm. of this height is from the base to the middle of the arm open-

ings, leaving the tegmen low in proportion to the total height. The
specimen is in good condition, and these characters must be accepted

as definite structures, there being no other species of which it can be

considered a variant.

Horizon and localit;/.—-The type specimen came from the Onondaga
(Jeffersonville) limestone at the Falls of the Ohio River at Louisville,

Kentucky, below the hydraulic limestone.

DOLATOCRINUS SPECIOSUS (HalD-

Cacabocrinus spedosus Hall, 15th Rep. New York State Cab., 1862, p. 109 (137)

Dolatocrinus speciosus. Wachsmuth and Springer, N. A. Ciin. Cam., 1897, p. 323.

pi. 2fi. ligs. 4a, 6.

Hall gave no figures of the several species described by him in- the

fifteenth report under Cacahocrinus, but this one was well illustrated

by Wachsmuth and Springer from a somewhat eroded New York
specimen answering the description. In form of calyx it represents

a type that might be called doubly conical, sloping both ways from
the zone of the arms, and truncated at the broad base, where the

width is about two-tliirds that at the arm level. The wide, rather

angular, outward slope of the sides from the plane of the base gives

a basin-shaped contour distinct from that of most of the other species

I
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The dorsal cup is relatively low, scarcely higher than the tegmen,

with a shallow concavity at the bottom leading to a small basal pit.

Plates low convex, with smooth surface, and a sharp, abruptly rising

median ridge (not well preserved in Wachsmuth and Springer's

specimen) upon the radial series extending to the arm bases. Tegmen
I'ather high, composed of large, smooth plates, wrth broad and shallow

interambulacral depressions. Arms 10. It is large-sized species,

typical specimens being about 24 mm. high, and 36 mm. wide, and

average height to width about 1 : 1.4.

Horizon and localitij.—Onondaga limestone: Schoharie and else-

where in New York.
DOLATOCRINUS MARSHI Lyon.

Plate 5, fig. 14.

Dolatocrinus marshi Lyon. Trans. Amer. Philos. Soc, vol. 13, 1869, p. 461, pi. 27,

figs, n, n', n.2—Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 12, not pi. 1,

fig. 8=2). grandis.—Wachsmuth and Springer, N. A. Crin. Cam., 1897, p. 312,

pi. 26, figs, la-d.—Rowley in Greene, 1903, p. 159 (not pi. 47, figs. 7, S=D.
grandis).

Of the type of D. speciosus, with a similar liigh, abruptly rising

radial ridge continuous to the arm bases, but with rather more angular

sides, higher tegmen having a few small scattering tubercles, and a

strong dorsal ornament by fine radiating striae. It is on an average

of smaller size, and height to width is about 1 : 1.3. The entire facies

of this form bears a strong resemblance to that of the New York

species, the figured specimen of whicli might conceivably be a much
eroded specimen of this. If a well-preserved New York specimen

showed distinct radiating striae upon the radial and interbrachial

plates, I should not know how to separate the species. The long

redescription and figure of this species by Miller and Gurley were

based upon a small specimen of D. grandis, and are erroneous and

misleading in every particular; Rowley followed their example, but

afterwards made a new species for his specimen. Those of Wachs-

muth and Springer were made from Lyon's very perfect type speci-

men, now in my possession.

This species was for a long time extremely rare, but I obtained in

recent years a number of additional good specimens which confirm

the type, but indicate some variation in size by wa,}" of increase to a

maximum of 35 mm, high by 50 mm. wide, one-half larger than the

usual size. From these it is seen that secundibrachs to the number
of three are incorporated, followed b}' one or more biserial pairs,

producing four to six conspicuous pinnule openings to the inter-

brachial spaces, and giving an appearance at the arm bases analogous

to tliat of D. grandis, by which Miller and Gurley were probably

misled.

Horizon and localitg.^OnondsigSi (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.
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DOLATOCRINUS GRANDIS Miller and Gurley.

Plate 7, figs. 1-8; plate 9, fig. 5; plate 10, fig. 2,

Cacahocrinites sculptus Troost MS., Proc. Amer. Assn. Adv. Sci., 1850 (read

1849), p. 60; Bull. CA, U. S. Nat. Mns., 1909, p. 55.

Dolatocrinus fjrandis Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 14,

pi. 2, figs. 4-6; pl.'l, fig. 8 fas D. vmrsM).—Woo-D, Bull. 64, U. S. Nat. Mus.,

1909, p. 55, pi. 12, fig. 2.

Dolatocrinus excavatns Wachsmuth and Springer, N. A. Crin. Cam., 1897, p.

321, pis. 25, fig. 1, and 26, figs. 7, 8.—Rowley in Greene, 1903, pp. 134, 145,

191.

Dolatocrinus fjrandis, var. incarinatus Rowley in Greene, 1903, p. 112, pi. 35.

figs. 1-3.

Dolatocrinus marshi Rowley in Greene, 1903, p. 159, pi. 47, figs. 7, 8.

Dolatocrinus fossatus Rowley in Greene, vol. 2, 1906, p. 7, pi. 3, figs. 1-3.

This splendid species is most appropriately named, not only on

account of its large size, but of the decisive way in which it stands

out among all species of the genus, so perfectly distinct that there is

no other with which it could be confused. The specimen upon
which it was described, while excellent in some respects, was not in

condition to exhibit all the characters, especially those of the base,

and it is therefore necessary to give some further illustrations.

The species is remarkable for the extent to which the base is exca-

vated and indented by the huge column facet. Wliile the calyx wall

curves inward to form a broad concavity on the dorsal side, within

this there is sunken a large and very deep pentagonal pit involving

the whole of the radials, the upper margins of which form the angular

edge of the pit, and at the bottom of which, at about the level of the

arms, lie the rather small basals, buried under at least half an inch of

column when in place.

It is also remarkable for the manner in which the two large biserial

arms of the ray are incorporated in the calyx, coincident with the

fixation of pinnules, so as to produce an unprecedented number of

pinnule openings directly from the calyx before the arms become
free, there being as many as 8 to 12 in some interrays. The number
as observed in practice often depends upon the depth to which the

arm is broken away in the fossil.

The species also differs from all others in having the first inter-

brachial 10-sided, so that the upper face is angular and supports

two large plates in the second range instead of a single one, as is the

case normally in all other species of the genus so far as known . These
two plates succeeding iBr^ were formerly supposed to be inter-

brachials, but with our present understanding of the mode of suc-

cession of the incorporated pinnules, it is clear that they are the

first pinnulars of the fixed pinnules which lead from the first secundi-

brachs, and that this species has actually no interbrachials beyond
the first. In the exceptional cases where the iBr^ is truncate, the
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single plate which follows it in turn supports the two large pinnu-

lars. This character of two so-called second interbrachials is thor-

oughly constant for the species, and is one by which it is readily

identified from a fragment, the very few exceptions being clearly

sporadic. I have 32 specimens with the plates of the dorsal side

preserved, and in only three of them is there a reduction (in some

interrays, never in all) of these plates to the single one of other

species, one of them being the specimen used by Wachsmuth and

vSpringer in describing their species, D. excavatus, wiiich must now
go into synonymy. The abnormal specimen from which the de-

scription was made was also exceptional in having keellike ridges

somewhat similar to those of D. spinosus, from a specimen of which

the basal cavity was drawn, that of the type being filled with

matrix; so the figure as to this part is incorrect. Both specimens

were poor, neither of them typical of the species to which it belonged.

Miller and Gurley anticipated the publication with their two fine

species, which happily obviates any confusion now, although some

authors persisted in using the name D. excavatus, notwithstanding I

had privately informed them that the species could not stand.

The shallow, broader concavity outside of the basal pit usually

involves part of the axillary primibrach. The radial series from the

edge of the pit slope gradually from their margin to the middle,

forming a broad, rounded, sometimes angular, median ridge; and ex-

ceptionally in well preserved specimens the two primibrachs are

raised into a broad conical node radiately grooved, or rarely into a

keellike ridge as in D. spinosus. The surface is more or less sharply

sculptured with numerous somewhat sinuous lines and wrinkles.

There is considerable variation in this ornament, but it is wholly

subordinate to the dominant characters of the species.

The tegmen is broadly convex, with a slight overhang at the

margin, composed of more or less rugose plates, mostly large; but

the interambulacral areas are occupied by transverse belts of nar-

row, elongate, triangular plates, between the lower, thin apexes of

which the numerous pinnule openings emerge. Such long tegmen

plates are a feature of all those species having several openings to

the interray, and those with the larger number have a slightly over-

hanging roof. The relation of the pores, as already discussed, to the

fixed pinnules which lead to them is well shown in the lateral views

given on plate 7, figures 2, 4, 5.

D. grandis is a good illustration of the small importance to be

attached to minor variations occurring in a form having a few strong

and dominant specific characters; modifications of surface struc-

ture, for example, which might be utilized toward the differentiation

of forms less definitely fixed, may here be wholly disregarded.
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In size B. grandis is typically a very large species, maximum speci-

mens attaining 35 mm. in height and 60 mm. in width, the average

ratio of height to widtli being about as 1 to 1.6. But few approach

a minimum of 20 mm. wide; a specimen of that size, abnormal, like

the three above mentioned, m havmg a single iBr in the second

range of some interrays, was mistaken by Miller and Gurley for Z).

marshi, and figured as such in their endeavor to improve upon

Lyon's original description of the species. Misled by their misi-

dentification, Rowley figured a specimen of this species in 1903 as

D. marshi, but afterwards in 1906 decided to make a new species of it,

namely, D.fossatus. His ID. excavatits, var. incarinatns was separated

because lacking a keeled radial ridge, and having a high tegmen,

both being individual variations observable in a large series of

specimens.

As early as 1849 this species was recognized by the pioneer western

geologist and paleontologist, Gerard Troost, of Tennessee, who pre-

pjired an elaborate description and good figure of it under the name
Cacahocrinites sculptus, announced by Prof. Louis Agassiz at the

meeting of the American Association for the Advancement of Science

for that year. This would have been the type of the genus but for

the long delay in publication, by which Troost 's priority as to this

and many other well-known crinoids was lost.'^

Miller and Gurley ^^ give the horizon of D. grandis as Hamilton;

but it is well known to all the collectors that the specimens of this

species occur only in the Onondaga formation (usually labeled

"LTpper Helderberg"), below the hydraulic beds which constitute

the recognized boundary in that locality. Mr. Greene in a letter to me
of November 9, 1903, in reply to an inquiry touching the horizon of

this and other species, informed me that he furnished Mr. Gurley the

types of D. grandis and D. spinosus, and that both came from the

"Upper Helderburg" at Louisville.

Horizon and locality.—Onondaga (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.

DOLATOCRINUS SPINOSUS Miller and Gurley.

Plate 8, figs. 1-7; plate 10, fig. 1.

Z)oZatomm<s spinosws Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 8,

pi. 1, fig. 4.—Rowley in Greene, 1903, p. 164, pi. 48, fig. 4.

Dolatomnus curriei Rowley in.Greene, 1903, p. 143, pi. 42, figs. 1-fi.

This is one of the two leading species of the Onondaga beds at

Louisville (although erroneously stated by its authors to be from the

Hamilton). Miller and Gurley had a poor specimen, in which the

surface sculpture was not preserved; but there was enough other

" See the account of this by Miss Wood, Bull. 64, U. S. National Museum, 1909, pp. 1-7.

'^ Bull. 4, p. 16.

i
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wise to enable them to give a recognizable definition from which

the species can be identified beyond any question. With about 50

specimens in my own collection for comparison, many of them very

well preserved, the essential characters are clearly evident, as the

new figures show.

As in the case of D. grandis, this is typically a large-sized species,

33 of the specimens being from 40 to 55 mm. in width, and 8 from

30 mm. down to a minimum of 15 mm. wide, the remainder being

intermediate; the average height to width of the calyx is about 1:

1.65, and the height of the dorsal cup is usually more than half

that of the calyx. Below the arm openings the calyx is depressed

hemispheroidal, shallowly concave below, with column facet abruptly

sunk, involvmg only the basals. The first interbrachial is a very

large plate, 11-sided from the abuttmg of IIIBr due to the second

bifurcation in the ray, giving 4 arms to the ray contrasted with the 2

in D. grandis; this plate is truncate above, supportmg one large

median second interbrachial, as usual in the genus, with the sole

exception of D. grandis.

The surface ornament in general consists of fine radiating lines,

producing combinations which take the form of included triangles,

and sometimes crossed by others, causing a pitted appearance. The

one conspicuous feature of the sculpture is a strong, keel-like ridge

along the radial series, which however is always confined to the radi-

als and primibrachs. This keeled protuberance varies in shape

from a fairly strong rounded ridge to a very high, knifelike edge;

but it never passes along the ray beyond the primibrachs.

The tegmen is moderately convex, sometimes more or less conical,

broadly but not deeply lobed, and surmounted with strong spines

above the ambulacral series and around the base of the tube. Pin-

nule openings four to the interray, the outer pair often broken away

;

and two, sometunes four, in the spaces within the ray; not so promi-

nent as in D. grandis.

With such a large number of specimens in hand it is interesting

to see how true to type they run. Out of 21 specimens having the

tegmen intact, all except 3 have strong spines, and in these, although

rather weak, the projections are nevertheless pointed spines. Of the

20 specimens in which the arms can be counted, the only departure

from the normal 20 arms is seen in two specimens which lack an arm

in two rays and in one ray, respectively.

Rowley's D. curriei is merely a typical specimen with the surface

ornament preserved, which was lacking in the type.

Horizon and locality.—Onond&ga (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.



36 BULLETIN 115, UNITED STATES NATIONAL MUSEUM.

DOLATOCRINUS LAMELLOSUS Hall.

Cacabocrinus lamellosus Hall, Fifteenth Report, New York State Cab., 1862, p. 141

This s])ecies has never been figured. What purports to be the

type specimen in the American Museum of Natural History has only

the dorsal parts preserved. It is a very large, crushed specimen

about 55 mm. wide, with plate arrangement similar to that of D.

sinnosus. Although recorded by Hall as from western Xew York,

without definite locality, this specimen, lying with some others from

Louisville, strongly resembles them in ap])earance, and may be from

the same locality. It may be identical with spinosus, and if so would

take priority; but inasmuch as we know nothing of the tegmen, in

which one of the important characters of that s])ecies occurs, the

evidence is insufficient for a decision, and the j^ounger name will

have to stand, leaving the other one in doubt.

Horizon and locality.— ? Hamilton shales of western New York.

DOLATOCRINUS INSUETUS Rowley.

Plate 8, fig. 8.

Dolatocrinus insuetus Rowley in Greene, vol. 2, 1906, p. 8, pi. 3, fig. 4.

Dolatocrinus ercavatus Rowley in Greene, 1903, p. 191, pi. 57, fig. 17.

Of the type of D. spinosus, but the keellike ridges traverse the

entire radial series to the arm bases; and the tegmen, instead of

strong spines, has usually only a few sharp tubercles. It is a good

species, definitely marked, and I am glad to be able to confirm Pro-

fessor Rowley's description by four fine specimens in which the cor-

relation of the above noted characters is fairly constant.

Horizon and locality.—Onondaga (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.

DOLATOCRINUS MAJOR Wachsmuth and Springer.

Plate 9, figs. 1, 2.

Dolatocrinus major Wachsmuth and Springer, North American Crinoidea Camer-

ata, 1897, p. 312, pi. 25, fig. 5.

This is another very striking species of the Onondaga, hitherto but

little known, which is marked by some decisive characters. When
described, the type was the only specimen known, and that one

lacked the tegmen; but the subsequent acquisition of eight additional

specimens has confirmed the diagnosis, while also showing a consid-

erable range of variation within a strong specific tyj^e. The position

and arrangement of the pinnule o])enings resemble those of D.

grandis, reduced in number owing to the doubling of the arms, and
there is also a sporadic appearance of 2 plates in the second inter-

brachial range; but otherwise there is no close relation to that species.

This form is usuall}^ of very large size, flattened specimens ranging

from 50 to 75 mm. in width, but even a small one of only 40 mm.
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diameter shows no material departure from the typical characters.

The perfectly smooth surface, without sculpturing or any other mark-

ing except a small node or spine on the first (sometimes second)

])rimibrach, which exceptionally also develops into a keellike ridge

as in D. spinosus; and the j^eculiar cordate shape of the first inter-

brachial, with its usually wide distal margin for the support of the

very large second plate (excepitionall}' angular and supporting two

plates as in D. grandis); are characters which readily differentiate

the species from all others.

A somewhat crushed calyx with ])art of the smooth tegmen intact

shows the arrangement of the pinnule openings, four or six to each

intersjiace between the 20 arms; it shows that the general form of

the calyx was broad and low, somewhat constricted below the arms,

with a truncate or broadly curving base containing a relatively

small basal pit. In this the basals are seen to be more or less obso-

lete, encroached upon and much of their substance resorbed and

rej)laced by the large stem-lumen, analogous to the case of Hadro-

crlnus. In three specimens the nodes on the radials have enlarged

into high, keeled ridges, and in one they are produced into sharp

spines—variations which are immaterial in view of the strong domi-

nant characters of the species.

Horizon and locality.—Onondaga (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.

DOLATOCRINUS EXSTANS, new species.

Plate 10, figs. 8, 9.

In this species we have a complete departure from the usual hab-

itus of the genus in the presence of a strongly protuberant base,

instead of the usual concave or flat condition. It is jH'oposed upon

the evidence of eight specimens, which were found by the late George

K. Greene, in the Onondaga formation at the Falls of the Ohio, near

Louisville. They were obtained during a season of low water, aU

from the same layer and rather near together, the form being entirely

new in the experience of the collectors of that locality. The speci-

mens are all more or less crushed and imperfect, but indicate a calyx

of large size—probably 65 or 70 mm. in diameter—and having at

least 6 arms to the ray, or 30 (perhaps more) in aU. The plates of

the dorsal cup have usually a conical central elevation. Correlated

with the protuberant base is the presence in the tegmen of long,

sharp spines, some of them 25 mm. in length. The interbrachials are

of the typical form for the genus, with an occasional irregularity

—

the large plate of the first range being sometimes 1 1-sided on account

of contact with tertibrachs.

Horizon and locality.—Onondaga (Jeffersonville) limestone: Louis-

ville, Kentucky, and vicinity.
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DOLATOCRINUS MULTIBRACHIATUS Rowley.

Plate 9, figs. 3, 4.

Dolatocrinus 7nultibrachiatus Rowley in Greene, 1903, p. 141, pi. 41, fig. 7.

Founded on a specimen having' a calyx similar to that of D. spi-

nosus, but with an additional bifurcation in the rays, giving 40 arms.

I am able to confirm it by seven specimens of similar lorm having

one or more rays preserved, all of which have six or eight arms to the

ray. I have figured one of these, which is badly crushed, but shows

the surface characters better than the type, and another clearly show-

ing the numerous arms.

Horizon and locality.—Onondaga (Jeffersonville) limestone: Louis-

ville, KentucW, and vicinity.

HAMILTON SPECIES.

[Valid species in italics; synon}Tns in romaii.]

With 10 arms.

-Medium to large size.

Calyx vride and low; ornament with sharp radiating striae. D. liratus.

—var. miiltilira.

Calyx higher, ornament \ntli interrupted lines or pustules. D. glyptus.

—var. intermedins.

Calyx, low, basin-shaped, with small l>asal pit; ornament

variable, strong nodes or fine striae predominating D. asperaius.

—marshi, var. hamiltoneneis.

Small, subglobose to oblate spheroidal.

Strong central nodes, with coarse radiating striae; ridges

forming rim aroimd liasal pit.

Calyx rather liigh D. bulbaceus.

—pulchellus.

—aspratilis.

—subaculeatus.

Calyx broader, ornament obscure D. argutus.

With 10 to 20 arms.

Small to medium size.

Calyx decanter-shaped, truncate and broadly concave be-

low, basal caAdty bordered by prominent pentagonal rim.

Radial ridges and nodes inconspicuous; radiating striae

sharp, both fine and coarse.

Tegmeu liigh, conical, smooth; pinnule openings con-

spicuous. Tegmen not lobed. Arms about 15 D. stellifer.

—hammelli.

—iaguncula.

—aplatus.

—dissimilaris.

—neglectus.

Tegmen lobed. Arms 15 I), triadactvhis.

1
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With 10 to 20 arms—Continued.
Small to medium size— Continued.

Calyx large, subcyUndrical; base broadly concave, without

pentagonal rim. All plates of cup tumid, rugose, radi-

ately furrowed or wrinkled, sloping from margin to cen-

ter. Tegmen subconical, .smooth. Pinnule openings

conspicuous.

Tegmen somewhat lobed

.

Arms 15 to 20 D. amplus.

—vasculum

.

—pecaliaris

—lyoni Wachsmuth and Springer.

—pernodosus.

—wachsmuthi.

Tegmen less lobed. Wrinkles on cup plates rather ir-

regular. Arms 20, in nearly continuous ring D. costatiis.

Calyx of medium size, more or less rotimd above; base trun-

cate, with narrow pit.

Radiating striae strong, those on iBr and radials form-

ing a conspicuous star aroimd the basal pit.

Tegmen not lobed; low. convex, rugose. Pinnule

openings conspicuous. Arms normally 15 D. asterins.

Radiating striae sharp, forming triangles, but not

sharply defined star; ridges not prominent.

Tegmen rugose, broadly lobed. Pinnule openings

obscure. Arms 20 D. incisus, new species.

Calyx small to mediiim size; bowl-shaped, hemisperoidal,

not constricted below arms; sides ciu'ving evenly upward

from narrow base. Tegmen lo\v. Pinnule openings not

conspicuous. Arms 15 to 20.

Medium size; strong nodes radiatel>- arranged, or inter-

rupted ridges on plates, without fine striae D. venustus.

—aureatus.

—lyoni Miller and Gurley.

—corbuliferus.

Fine striae forming triangles.

Tegmen strongly lobed, and more or less spinous D. hellunicjosus.

—coelatus.

—arrosus.

—var. cognatus.

—depressus.

Small; radial ridges higli and sluiip. with fine striae. Arm?

mostly about 20 D- cronuitus.

—dispar

Insufficiently known . Arms 15 D. canadensis.

Calyx large to medium size. Bursiform, constricted below the

arms; base truncate, broad, flat, or shallow concave; tegmen

more or less lobed; pinnule openings often inconspicuous,

usuallv 2 to each arm base, may be 4 to the interray.
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With 10 to 20 arms—Continued.^

Calyx large to medium size. etc.—Continued.

Ridges on radial series more or less continuous; central

nodes on RR and iBr not prominent, or absent.

Surface ornament chiefly by rows or clusters of pus-

tales or wrinkles more or less radiately arranged.

Very large and massive: surface coarsely

wrinkled />. m(\nnifinn<.

Less massive; calyx broad; radial ridges low,

rounded, not enlarging at the centers; orna-

ment by sinuous radiating lines.

Tegmen low and broadly lobed D. rnrporofW'.

—var. decoratus.

—welleri.

Surface ornament by distinct radiating striae tend-

ing to form geometri(>al figTires. more or less com-

bined with scattered pustTiles.

Calyx broad and low.

Tegmen low, smooth, obscurely lolled,

plates indistinct T>. hnJiarunsis.

—preciopus.

Tegmen rugose, distinctly lobed, plates well

defined, with small nodes or pustules D.fjrann.

—corporosus, var. cnncinniis.

Calyx high.

Tegmen "s^entricose or high conical, strongly

lobed, more or less covered with small

nodes or pustules D. linrnhfnfs.

^sacculus.

—salebrosus.

•—charlestownensis.

—cistula.

—asper.

—eicosidactyliis.

—sprinceri.

Ridges on radial series more or less discontinuous; nodes

on radials and iBr prominent.

Surface ornament by radiating striae, usiially dis-

tinct, forming geometrical figiires.

Tegmen ventricose, lobed, with more or less

small scattered spiuns or shai'p nodes D. hcUuhis.

—basilicue.

—nodnliferus.

Tegmen flatter, but little lobed, and witlioul

nodes or spines />. nodos^us.

—tuberculatiis.

—multinodosus.

—elegantuhis.

Tegmen lobed, with strong nail-head spines D . fungijerua

.

As of the 02 species and varieties described froxn the Hamilton
over 60 per cent are considered to be synonyms, it will be convenient

to treat them by gi-oups, following the arrangement in the foregoing

kev.
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Form 1. LIRATUS group.

Ten-arined: jiiediiijn to large size.

DOLATOCRINUS LIRATUS HaU.

Plate 10, figs. 10, 11.

Cacabocriiius liratus Hall, Fifteenth Rep. New York State Cab., 1862, p. 139.

Dolatocrinus liratus Wachsmuth and Springer, N. A. Crin.Cam., 1897, p. 319,

pi. 26, fig. 3.

Dolatocrinus liratus, vaf, multilira Hall, Fifteenth Rep. New York State Cab.,

1862, p. 139.

Horizon avd locality.—Hamilton shales: near Bellona, New York.

DOLATOCRINUS GLYPTUS Hall.

Cacahocrinus glyptus Hall, Fifteenth Rep. New York State Cab., 1862, p. 140.

Dolatocrinus glyptus Wachsmuth and Springer, N. A. Crin. Cam., 1897, p. 317,

pi. 26, figs. 2a, h.

Dolatocrinus glyptus, var. intermedius Hall, Fifteenth Rep. New York State Cab.,

p. 141.

Ten-armed species of medium to large size, and strongly orna-

mented, the former with sharp radiating striae and the latter with

interrupted lines or pustules; in the former the calyx is wider and
lower than in the latter. The two species and varieties were not

illustrated b}^ Hall, but figures were given along with the redescrip-

tion of them by Wachsmuth and Springer, and I have figured two
typical specimens of liratus. Except for the difference in number of

primibrachs, it would be difficult to distinguish this species from
Stereocrinus triangulatus of the Michigan area. I have not the mate-
rial for a critical comparison of these forms, which will be done later

on by the New York State museum, and pending that I list the

varieties as synonyms under the respective species, as was done b}^

Wachsmuth and Springer. An extremely abnormal specimen of this

type in the museum at Albany shows a single branching arm, which
is evidently sporadic.

Horizon and locality.—Hamilton shale: Western New York.

dolatocrinus ASPERATUS Miller and Gurley.

Plate 6, figs. 5-12.

Dolatocrinus ornatus, var. asperatus Miller and Gurley, Bvdl. 4, 111. St. Mus.,

1894, p. 15, pi. 3, figs. 4-6.

D. marshi, var. hamiltonensis Wachsmuth and Springer, N. A. Crin. Cam., 1897,

p. 314, pi. 25, figs. 2a, h.

As a hold-over from the Onondaga, this form became subject to

some extreme variations in surface characters, such as have been
relied upon with confidence by authors in their descriptions, and
some of which I am attempting to utilize further on in this paper to

assist in holding a number of described species Avhich probably
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should all be dumped into synonym} . The earlier species is ex-

ceedingly well marked by its general curvature, small basal pit, low

and strongly lobed tegmen covered with small tubercles, projecting

lip above the interrays, and uniformly 10 arms. All these features

the Hamilton forms have, so that one is struck by the resemblance

at the first glance, despite the difference in size, and can not help

feeling that this is a good example of the breaking up of specific lines

incident to the approaching extinction of the group. The speci-

mens are mostly of considerably larger size than those of the Onon-

daga species, and along with this the great variability in surface

markings may be taken as a character upon which to call Miller and

Gurley's variety a species. There are six good specimens besides the

type, and they include ornament by fine striate lines, wrinkles, tuber-

cles, or pits, with median radial ridge low and rounded, or concen-

trating in strong separate nodes on the radials and primary brachials,

or extending keel-like and sharp to the arms. The last form covers

Wachsmuth and Springer's D. marshi, var. homiltonensis , which in

the leading characters resembles this species more than the one with

which it was associated. n addition to Miller and Gurley's type, 1

have figured four specimens of this form as an object lesson upon
surface ornament in this genus.

Horizon and locality.—Hamilton (Sellersburg) limestone: Charles-

town, Indiana, and vicinity.

Form 2. BTTLBACETTS group.

Ten-aiined; small, subglobose to oblate spheroidal.

DOLATOCRINUS BULBACEUS Miller and Gurley.

Plate 11, figs. 1-3.

Dolatoainus hulbaceus Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 2'J, pi.

2, figs. 13-15.

Dolatoci'inus pulchellus Miller and Gurley, Bull. 0, p. 55, pi. 5, figs. 13-15.

—

Rowley in Greene, 1903, p. 109, pi. 33, figs. 16-18.

Dolatocrinus aspratilis Miller and Gurley, Bull. 9, 1S9(), p. 49, pi. 3, figs. 16-18.

Dolatocrinus subaculeatus Whiteaves, Contr. ("anad. Pal., vol. 1, 1898, p. 369,

pi. G, figs. C, 6a.

A small, subglobose form with .subpentagonal outline, well de-

scribed and figured by Miller and Gurley under the several specific

names above cited. Typically it is marked by sharp central nodes

on first interbrachials and radials, with a strong ridge connecting the

latter and forming the prominent rim of a broad pentagonal basal pit;

the sculpturing may vary from sharp to obscure, and the general form
from subglobose to oblate spheroidal. Arms 10. A well-defined

type and abundant.

I
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Out of 45 specimens in my collection, all of which in other respects

are strictly conformable to the type, a single one sporadically has an

extra arm in one ray, giving the 11 arms on which Miller and Gurlcy's

synonym aspratilis was formed; along with the types in the Gurley

collection are about 20 normal specimens of hulhaceus; and these two
exceptional specimens are in every other character perfect examples

of the species thus so numerously found. Two other of my speci-

mens have an extra plate in the second interbrachial range in one

area, a variation on which mainly D. argutus was described. The
figured type of D. hulhaceus is incorrectly drawn; it is an abnormal

specimen, having the posterior interradius irregular, with two plates

in the second range like the two specimens in my collection above

mentioned; it is of maximum size among specimens of this type,

but with it in the Gurley collection as cotypes not figured are two
smaller specimens of about average size—namely, 12 mm. high by
15 mm. wide. D. aspratilis is almost a counterpart of these two

specimens; and I have figured a normal specimen from my collection.

This was a wide-ranging form, and occurs in the Hamilton of Thed-

ford, Ontario, as D. suhaculeatus of Whiteaves, which can not be dis-

tinguished from an average specimen of hulhaceus.

The authors say that D. hulhaceus has no "ovarian pores," and
on their supposed absence chiefly proposed their second species, D.
pulchellus; but the pinnule openings are present in the three types

and in all well-preserved specimens; they are always close under the

arm base, not in the open space between, one to each arm on the

outside of the dichotom and rarely visible on the inside, as the arm
usually becomes free after the first secondibrach. They also note

for pulchellus a "difference in general form and surface ornament."

The type of D. pulcJiellus is a relatively lower and wider form than

that of hulhaceus, the ratio of height to width in the types of the

several species being: hulhaceus, 1:1.25; aspratilis, 1:1.2; pulchellus,

1:1.5. A few specimens like the latter may be selected out of the

general lot, but there would be every gradation between them and
the others, all conforming strictly to the type in other respects. R^el-

ative sharpness or obscurity of the ornament proves nothing, all

being of the same characteristic type, and the difference in promi-

nence of sculpturing not being correlated with other characters.

Professor Rowley, when figuring a specimen under the name pulchel-

lus, says he has little doubt "that D. hulhaceus, D. pulchellus, D.
argutus, and D. aspratilis are one and the same species."

Horizon and locality.—Hamilton limestone: Louisville, Kentucky
and vicinity; Thedford, Ontario.

183081—21 4



44 BULLETIN 115, UNITED STATES NATIONAL MUSEUM.

DOLATOCRINUS ARGUTUS Miller and Gurley.

Plate 11, figs. 4, 5.

Dolatocrinus argutus Miller and Gurley, Bull. 8, 111. St. Mus., 1896, p. '41, pi.

3, figs. 4-6.

I have listed this species separately, although perhaps only a va-

riant of the preceding. It has a little different aspect, being less

globular and wider in proportion to height than typical specimens,

and these characters being correlated with a shallower basal cavity,

lower tegmen, less angular contour, and a decidedly smoother surface.

Horizon and locality.—Hamilton (Sellersburg) limestone: Charles-

town, Indiana, and vicinity.

From 3. STELLIFEE group.

With about 15 arms. Decanter-shaped, with broadly concave base

and smooth tegmen.

DOLATOCRIUNS STELLIFER MUler and Gurley.

Plate 11, figs. 6-8.

Dolatocrinus stellifer Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 20, pi.

2, figs. 10-12.

Dolatocrinus hammelli Miller and Gurley, Bull. 6, 1895, p. 52, pi. 5, figs. 4-6.

Dolatocrinus aplatus Miller and Gurley, Bull. 8, 1896; p. 48, pi. 3, figs. 16-18;

Bull. 9, pi. 3, figs. 13-15.—Rowley in Greene, 1903, p. 136, pi. 39, figs. &-8.

Dolatocrinus laguncula Miller and Gurley, Bull. 9, 1896, p. 51, pi. 3, figs. 19-21.

Dolatocrinus dissimilaris Miller and Gurley, Bull. 9, 1896, p. 54, pi. 3, figs.

25-27.

Dolatocrinus weyZecttts Miller and Gurley, Bull. 12, 1897, p. 37, pi. 2, fige. 27-29.

A group of synonyms representing a single well-dehned form, of a

thoroughly distinct facies, readily recognized from fragmentary spec-

imens, and differing from one another only in immaterial and incon-

stant details.

Calyx decanter-shaped, with dorsal cup low, deeply and broadly

concave at the base, the concavity extending to the middle of the

first interbrachial; the tegmen rising in a high neck, which passes

gradually into the subcentral anal tube. Measuring to the level

where the tube begins to be defined, the proportionate height to

width is about 1:1.6 in the types of all the species. Radial ridges

are small and inconspicuous, and on each side of them, connecting

with the interbrachials, the plates are closely, deeply, and radiately

striated, forming geometrical figures. This sculpturing varies from
coarse (single) to fine (doubled) striae, without any relation to other

characters, the latter style being rather the most common; in the i

four type specimens of D. aplatus two have fine striae and two coarse.

A very distinct ridge connecting the centers of the radials forms a

I
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pentagonal figure within the general basal concavity that is a con-

spicuous feature of the ornamentation.

The tegmen is rather evenly convex to the base of the tube, and
its perfectly smooth and even surface, combined with the decanter

shape, produces a habitus that is highly distinctive. This charac-

teristic appearance is enhanced by the prominence of the pinnule

openings, wliich are large curved slits, conspicuously placed in the

open spaces between the arms, one at each side of every arm base,

and frequently two more in the interrays. The habitus thus indi-

cated is uniform among the type specimens of the several species

and also throughout a series of good specimens additional to the

types.

The distinction chiefly relied upon by the authors in the descrip-

of these species is the number of arms, as to the sufficiency of which

they are quite frank. Under D. laguncula ^^ they say

:

In surface ornamentation and general form it resembles D. hammelli, but that species

has 16 arm openings, while this has only 14, which will readily distinguish the species.

And under D. dissimilaris ^^

:

In general form it resembles D. aplatus, but that species has 15 arms, while this has

13, so the arm formula alone will distinguish them.

I have in hand for the study of this form the 7 figured types and 5

cotypes labeled with them, 9 other specimens from the Gurley col-

lection, and 16 from my own, making 37 in all. The range of varia-

tion in arms among them is from 11 to 17 in number, distributed as

follows: With 11 arms, 1; with 13 arms, 7; with 14 arms, 5; with

15 arms, 20; with 16 arms, 3; with 17 arms, 1.

Thus more than half the specimens have 15 arms, and 95 per cent

of them have that number within one or two more or less; which

indicates that 15 is the normal number—3 arms to the ray, as it is

almost without exception in the closely related D. triadactylus from

Michigan—the small deviations from the normal being due to spo-

radic increase or diminution irregularly in one or two rays.

I have also examined the specimens with reference to the so-called

"ovarian apertures," which are so strongly featured in the descrip-

tions. As stated above, there are always a pair of them at each arm
base in this form, and frequently an additional pair between the main
ray divisions; but these differences are not uniform for the species as

described. For example, in D. hammelli, the "16-armed species,"

the description says there are two apertures in each interradial area

and two separating the arms in each of the five rays, giving "20 of

these apertures;" yet one of the specimens selected by the authors

as a cotype, and also a 16-armed specimen of my own, have four

apertures between the rays, or about 40 in all. D. aplatus, the

" Bull. 9, p. 52. " Idem, p. 55.
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"15-armed species/' is described with ''four ovarian slits between

each {sic) radial series^ and two between each (sic) of the ambulacral

openings, which gives to this species 40 ovarian apertures;" but

among the cotypes selected by the authors are three specimens with

only two openings either between the rays or their divisions, and

among 16 other specimens with 15 arms, 11 have two and four

openings, and four have only two to each interval. The same thing

applies to D. laguncula, the "14-armed species," which among five

specimens has two with two and four openings, and three Vv'ith only

two. So if the species were to be arranged according to this char-

acter it would throw together forms with 11, 13, 14, 15, and 16 arms

in one species, and forms with 13, 14, 15, 16, and 17 arms in another.

As to these openings, the number observed depends somewhat upon

the preservation of the specimen and the level at which the arms are

detached ; two of the openings in the interrays are well exposed in the

median part, and always very plain, but the other two often lie close

under the arm bases, and if the lu*st pair of arm brachials are broken

off these openings ma}^ not be seen. It is probable that there were

normally four openings to the interrays, tv\'o of which may not always

be observable for the reason stated.

The species is of medium size, ranging from about 12 to 20 mm.
height of calyx to where the tube becomes defined, and 18 to 32 mm.
in greatest width, the average height to width being about as 1 :1.6.

Horizon and locality.—Hamilton (Sellersburg) limestone: Louis-

ville, Kentucky, and vicinity.

DOLATOCRINUS TKIADACTYLUS Barris.

Plate 11, figs. 9, 10.

Dolatocrinus triadactyhisBarris, Proc. Acad. Sci., Davenport, Iowa, vol. 4, 1884,

p. 100, pi. 2, figs. 5-7.

—

Wachsmuth and Springer, N. A. Crin. Cam., 1897,

p. 316, pi. 26, figs. ia-d.

This form, from the Traverse beds of the Michigan Hamilton,

belongs to the stellifer group, having the same excavate base, high,

smooth tegmen, and the same type of sculpturing, including both

fine and coarse striae, with a pentagonal rim bounding the basal cav-

ity. It differs in having a strongly lobed tegmen. The 15 arms are

constant in 23 out of 29 specimens, four others having 14, and two

16, aU bemg from the same vicinity. It ranges in size from 7 to 23

mm. high, and 8 to 28 mm. wide. Especially among the smaller

specimens, the calyx is relatively higher than in the Louisville form,

so that the average height to width is here about 1 : 1.25.

Horizon and locality.—Hamilton (Traverse) shales: Alpena,

Michigan

.
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Form 4. AMPLUS group.

Large, with broadly concave base; calyx plates tumid and rugose.

Arms 15 to 20.

DOLATOCRINUS AMPLUS Miller and Gurley.

Plate 11, figs. 11-17; plate 12, figs. 14, 15.

Dolatoa-inus amplm Miller and Gurley, Bull. 5, 111. St. Mus., 1894, p. 45, pi.

4, figs. C-S.—Rowley in Greene, 1903, p. 154, pi. 45, figs. 10-12.

Dolatocrinus vasculum Miller and Gurley, Bull. 6, 1895, p. 53, pi. 5, figs. 7-9.

Dolatocrinus peculiaris Miller and Gurley, Bull. 9, 1896, p. 55, pi. 3, figs. 28-30.

Dolatocrinus lyoni Wachsmuth and Springer, N. A. Crin. Cam., 1897, p. 314,

pi. 25, figs. Qa-d.

Dolatocrinus pernodosus Rowley in Greene, 1903, p. 113, pi. 35, figs. 4-6.

Dolatocrinus tvachsmuthi Wood, Smithson. Misc. Coll., vol. 47, 1904, p. 77.

A sharply defined form, well described by the authors under D.
amplus, with which they should have been content, without encum-
bering the literature with useless s^monyms, based wholly on varia-

tion in the number of arms from 17 to 20. Wachsmuth and
Springer described a typical specimen with 15 arms, which, accord-

ing to Miller and Gurley's major criterion, should be a good species.

Rowley added another with 17, because differently grouped; and

from my material now in hand I could swell the list with a new species

of 16 arms. Miss Wood contributed an additiomil name to replace

the preoccupied species of Wachsmuth and Springer.

All these names and numbers stand for a single species, of a type

so distinctive in plan of sculpturing that it may be recognized from
a fragment containing a few plates of the dorsal cup. Instead of

being marked by radial ridges, striae, or more or less prominent

central nodes, all the plates are tumid or subspinous, radiately

vmnkled or furrowed toward the margins, to which they slope from a

a rounded or pointed center. The calyx is broadly truncate at about

the level of the second primibrach, from which it curves inward co

a broad concavity, involving the radials and part of the first inter-

brachials to about half the depth of the dorsal cup. It is subcylin-

drical from the level of the base up, and sometimes slightly constricted

below the arms. Tegmen rather low, subcorneal, smooth, or finely

pustulose; somewhat depressed or lobed in the interambulacral

spaces. The pinnule openings are conspicuous in the form of long

slits, two to each arm, and frequently four in the interrays. The
two outside ones are located well under the edge of the arm base,

and are often broken away.

The species is of large size, ranging from 20 to 35 mm. high and
30 to 50 mm. ^\'ide, the relative height to width averaging about

1:1.3.

In the broadly concave base, smooth tegmen, and prominent
])innulo openings, tins form is nearest to T). ftteUifer. Besides the
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three tyj^es in the Gurley collection, I have eight good specimens,

showing a range of from 15 to 20 arms, distributed as follows: Four
with 15 arms, one with 17, one with 18, and five with 20. The
characters otherwise are uniform in every essential particular. The
pictures of surface ornament in Miller and Gurlej^'s figures are not
always to be depended on, and those given of this form show more
difference among themselves than actually exists.

Horizon and locality.—Hamilton (Sellersburg) limestone: Charles-

town, Indiana, and vicinity.

DOLATOCRINUS COSTATUS Wood.

Plate 12, figs. 1, 2, 3.

Dolatocrlnus costatus Wood, Smithsonian Miscellaneous Collections, vol. 47,

1904, p. 70, pi. 16, figs, 6, 6a.

A good representative of the amylus group, from the Traverse

beds of IVIichigan. In addition to the type figured by Miss Wood, I

have three other specimens, one larger and two smaller; all have
20 arms, except one, wliich has an extra arm in one ray. So the

number, toward which there was a strong tendency in the Louisville

area, is here well established at 4 to the ray. There is a difference,

not very clearly definable, in the style of sculptm'ing, due to the

strong wrinldes on. the plates of the cup, being in costatus less regu-

larly radiating: the tegmen plates are more distinctly outlined, and

the arms more nearly in a continuous ring. Pinnule openings are

very conspicuous—two and four between arms and four or six be-

tween the rays. The specimens range in size about as those of the

Louisville form—from 20 to 35 mm. high and 30 to 50 mm. wide.

Horizon and locality.—Hamilton (Traverse) shales: Alpena, Mich-

igan.

Form 6. ASTERIAS group.

More or less rotund, with sides nearly vertical, truncate base and

small basal pit.

DOLATOCRINUS ASTERIAS Wood.

Plate 12, figs. 4-7.

Dolatocrlnus asterias Wood, Smithsonian Miscellaneous Collections, vol. 47, 1904,

p. 71, pi. 16, figs. 1, Iff.

A medium-sized species, but small specimens are found occasion-

ally. Calyx broadly basin shaped, more or less round above; sides

nearly vertical or slightly expanding upward, and base truncate,

with small, pentagonal-rimmed basal pit. Radiating striae strong

and coarse, those from the first interbrachials crossing the radials

and forming a conspicuous star surrounding the basal pit. Tegmen
low convex, not lobed, covered with rugose plates. Pinnule openings

conspicuous—two to each arm base and three or four in the interrays.

Arms 15, their openings directed obliquely upward.
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The basal star is a most striking and constant character, by which

the species is readily recognized from the base alone. I have 25

specimens, in all of which it is perfectly distinct. Among 13 speci-

mens in which the arm openings are observable, 10 have 15 arms,

and one each 13, 14, and 16. In size the specimens range from 18

to 25 mm. high and 25 to 32 mm. wide, with a few somewhat larger

or smaller. The average height to width is about 1 : 1.35, the smaller

specimens being relatively higher and the larger ones lower.

Horizon and locality.—Hamilton group: Alpena and Partridge

Point, Michigan.

DOLATOCRINUS INCISUS. new species.

Plate 12, figs. 8-13.

Similar to asterias, with which it is associated, but with more
broadly concave base, and without the strongly modeled basal star,

although a stellate arrangement of triangles is apparent in some speci-

mens. Kadiating striae sharply incised, wrinkled, forming triangu-

lar figures, either single or enclosing others. Tegmen broadly lobed.

Pinnule openings obscure, probably two to each arm base. Arms 20.

The type of sculpturing is similar to that of Stereocrinus triangula-

tus, and unlike that of other Michigan forms of this genus. I have

seven specimens of this form, ranging in size from 10 to 23 mm. high

and 16 to 36 mm. wide; six of them show all the arm openings,

which are 20 without exception.

Two specimens are figured, to show the extremes of fine and coarse

sculpturing of the same type.-

Horizon and locality.—Hamilton (Traverse) shales: Alpena, Michi-

gan.
Form 6. VENUSTUS group.

Calyx small to medium size, bowl-shaped, hemispheroidal, not

constricted below the arms; sides curving evenly to arms from nar-

row base, not concave. Tegmen low. Pinnule openings incon-

spicuous—2, or perhaps only 1, to each arm base. Arms, 15 to 20.

This general description includes a group of six species by Miller

and Gurley and one by Rowley, among which I have attempted to

separate three definable forms. All are typically small species,

having about the same general proportions, and ranging from 8 to

20 mm. high and 12 to 28 mm. wide, the average height to width

being 1:1.5. I have 22 specimens besides the tyi>es of Miller and

Gurley, minus that of exornatus, which with two other of their types

was lost before the Gurley collection was received by the University

of Chicago, and for which we must rety upon the figures and de-

scriptions. The arms in these 28 specimens vary from 12 to 20, dis-

tributed as follows: with 12 arms, 1; with 13 arms, 2; with 15

arms, 3; with 16 arms, 6; with 17 arms, 8; with 18 arms, 1; with

19 arms, 4; with 20 arms, 3.
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These numbers bear no relation to any other characters, but it

will be noted that 90 per cent of the specimens have 15 arms or more,

and 60 per cent of them have 15 with only one or two arms more or

less; so the type for this form is 15 arms, with a tendency to increase

toward 20. The grouping of the species hereunder is more or less

artificial, and the definitions are lacking in decisive characters, de-

pending altogether upon the surface markings.

DOLATOCRINUS VENUSTUS MUler and Gurley.

Plate 13, figs. 1-5; plate 15, fig. 8.

Dolatocrinus venustus Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 23,

pi. 2, figs. 16-18.—Rowley in Greene, 1903, p. 160, pi. 47, figs. 9, 10.

Dolatocrinus aureatus Miller and Gurley, Bull. 4, 1894, ]>. 24, pi. 3, figs. 1-3.

Dolatocrinus lyoni Miller and Gurley, Bull. 9, 1896, p. 44, pi. 3, figs. 4-6.

Dniatocrinus corh^diferus Rowley, 1903, p. 151, pi. 44, fiG:s. 13-15.

Interrupted 'ridges, coarse nodes or pustules. These surface

characters are not so well shown by the original figures as by the new
drawings here given, made upon a photographic basis directly from

the type. More faulty still are the authors' figures of venustus in

not showing the general hemispheric contour, which is missed com-

pletely in their side view (fig. 17). The description agrees with the

type as it is designated in the Gurley collection. Some other speci-

mens among the duplicates labeled with this name are of doubtful

authenticity, but I have four good specimens that can be assigned to

this species, including a very characteristic one from Michigan.

The species attains a larger size than the other two, ranging from 12

to 23 mm. high and 20 to 38 mm. wide.

Horizon and locality.—-H-Mmlion. (Sellersburg) limestone: Charles-

town, Indiana and vicinity.

DOLATOCRINUS BELLARUGOSUS Miller and Gurley.

Plate 13, figs. 6-10.

Dolatocrinus hellarugosus Miller and Gurley, Bull. 8, 111. St. Mus., 1896, p. 43,

pi. 3, figs. 7-9.

Dolatocrinus coelatus Miller and Gurley, Bull. 8, 111. St. Mus., 1896, p. 46, pi.

3, figs. 13-15.—Rowley in Greene, 1903, p. 165, pi. 48, figs. 10-12.

Dolatocrinus arrosus'MiLLEn and Gurley, Bull. 8, 111. St. Mus., 1896, p. 52, pi.

3, figs. 22-24.—Rowley in Greene, 1903, p. 132, pi. 38, figs. 9, 10.

Dolatocrinus arrosus. var. cognatus Rowley in Greene, 1903, p. 137, pi. 39, figs.

12-14.

Base rather wider than in the last species. Ornament by radia-

ting striae with strong median ridges, more or less interrupted, and
rather prominent central nodes. Tegmen sharply lobed and more or

less spinous. The first three of Miller and Gurley's types are essen-

tially duplicates, with a difference of one arm; the others differ

slightly in proportions. I have 10 specimens besides, varying in
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arms from 13 to 20, but* 80 per cent of them from 15 to 17; and in

size from 12 to 16 mm. high, and 17 to 22 mm. wide.

Horizon and locality.—Hamilton (Sellersburg) limestone: Charles-

town, Indiana and vicinity.

DOLATOCRINUS EXORNATUS Miller and Gurley.

Plate 13, figs. 11, 12.

Dolatocrinus exornatus Miller and Gurley, Bull. 6, 111. St. Mus., 1895, p. 54,

pi. 5, figs. 8-10.

Dolatocrinus dispar Miller and Gurley, Bull. 9, 1896, p. 40, pi. 2, figs. 27-29.

Very small, with extremely fine striae; radial ridges high and sharp.

The size is consistently small, being almost miiform at 8 mm. high

and 12 mm. wide, and the tendency is to 20 arms. Out of seven

specimens plus the types more than half have 19 to 20 arms, and all

may have had about 20, as in this form the first bifurcation of the

ray occurs very high up, and the next one is at the edge of the calyx,

where the arms are becoming free, so that the second axillary is

sometimes broken off and the full number of arms is not seen.

Comparison of the original description of this species with that of

D. aureatus immediately following it, illustrates the method of the

authors. The two descriptions are verbally identical as to the essen-

tial characters, the only difference being that aureatus has one less

arm, and one more small plate in the third interbrachial range.

Horizon and locality.—Hamilton (Sellersburg) limestone: Charles-

town, Indiana, and vicinity.

DOLATOCRINUS CANADENSIS Whiteaves.

Dolatocrinus canadensis Whiteaves, Contr. Canad. Paleont., vol. 1, 1887, p. 99,

pi. 12, figs. .3, 3a.—Wachsmuth and Springer, N. A. Grin. Cam., 1897, p

315, pi. 2.5. figs. 7a. b.

This species, described from the Hamilton of Thedford, Ontario,

was founded upon a single small specimen probably somewhat

eroded. It seems to be of the type of D. marshi, but with 15 arms

instead of 10. A form somewhat similar to marshi has been noted

from western New York, but the material is not available for com-

parison.

Horizon and locality.—Hamilton shales: Thedford, Ontario.

Form 7. MAGNIFICUS group.

Calyx large to medium size, occasionally small; oblate hemisphe-

roidal, or depressed bursiform, constricted below the arms; base

broadly truncate, flat, or shallow concave. Plates highly orna-

mented with ridges, striae, nodes, or pustules; radial series bearing

nodes round or elongate, either separated, or connected by a narrow

neck, or meeting at the sutures to form a continuous median ridge

:
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interbrachial plates marked by rows or clusters of pustules or wrinkles

more or less radiately arranged, or by radiating striae crossing the

sutures to adjoining plates and tending to form geometrical figures,

which when the striae are fine may become intricate and form several

included triangles; more or less prominent central nodes may be

formed by coalescence of these radiate structures, or nodes may be

wanting. Tegmen more or less lobed, ventricose or low convex,

with plates smooth, granular, rugose, bearing small spinous tuber-

cles, or rarely strong spines. Pinnule openings few and inconspicu-

ous, often obscured by the rugose sculpture. Arms 15 to 20, excep-

tionally more or fewer.

The above description applies to the leading form of this genus

in the Louisville area, for which no less than 22 species and 2 varie-

ties have been named, 15 of the species by Miller and Gurley, and 7

species with 2 varieties by other authors. The wide bursiform

calyx, constricted above and truncate below, with strong pustulose

or striate ornamentation, imparts a -facies which would well charac-

terize a strong and variable species. It is represented by numerous

individuals, among which may be found more or less difference in

superficial characters, producing just such an assemblage of minor

variations as is to be expected in a dominant species, flourishing

abundantly under favorable conditions, at the acme of the group

to which it belongs and on the eve of its extinction.

The instability of characters in this form is evidenced by the

frequent occurrence of unsymmetrical conditions among the plates

of the calyx: those of the radial series are often larger or smaller in

one or two rays than in the others, as seen in Miller and Gurley's

figure of D. greenei-^^ or the interrays may be unequal, the posterior

one frequently the largest; and all the principal plates—basals,

radials, and interbrachials—are subject to considerable irregularities

in size as between specimens otherwise identical. This unequal

growth of plates which are usually pentamerously symmetrical in

the crinoids produces a certain asymmetry in the contour rather

frequently observed among the specimens of this form, by which
the calyx will be higher or more ventricose in one part than another.

Suppression of an entire ray occasionally occurs, as shown by Rowley's
figure in Greene (pi. 47, fig^ 2), and by specimens in my collection;

also of one primibrach, as in Greene (pi. 57, figs. 16, 17, 18).

The numerous species which have been described under this form
depend for the most part upon minor differences which are to be

found in any vigorous and prolific species, notably those in the

number and grouping of arms, upon which most of Miller and Gurley's

>« Bull. 4, pi. 31, fig. 10; also herein, pi. 14, fig. 7.
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species are founded. The testing of the value of such characters in

practice emphasizes the importance of ample material. I have

before me the types of 15 of Miller and Gurley's species, and in addi-

tion 31 duplicates in the Gurley collection, and 76 good specimens

of my own of which 62 show the full number of arms, thus making

a total of 108 specimens of this form from which the number of

arms can be tabulated, to which may be added the 9 types of Rowley.

These range from 10 arms to 22, distributed as follows: With 10

arms, 2; with 11 arms, 1; with 13 arms, 2; with 14 arms, 4; with

15 arms, 9; with 16 arms, 21; with 17 arms, 16; with 18 arms, 25;

with 19 arms, 16; with 20 arms, 18; with 21 arms, 1; with 22 arms, 2.

While this shows a wide range of disturbance in the arm develop-

ment, it will be seen that the variation is chiefly within definite

limits, about 90 per cent of the specimens having from 15 to 20 arms,

and 50 per cent are within one or two of the higher number ; so that

normally this ionxi has either three or four arms to the ray, the

differences being due to the addition or failure of an arm irregularly

in one or more rays.

These various numbers do not correlate with any other character;

and with the actual specimens in hand every attempt to arrange

species with reference to them is soon seen to be futile. The few

groups which I have tried to define according to other criteria all

embrace more or less of these variations in number of arms. As is

to be expected, these groups shade into one another in a most per-

plexing way; they are the outcome of frequent shiftings of specimens

from, one to another, without achieving any result that seems to

proclaim their identity by any positive or well-defined and palpable

character. This lack of reliable definition shows the small taxonomic

value of the variations noted, and it is probable that a far more drastic

cutting down of species, even to the extent of throwing them all into

one, would be the more logical course. In view of the considerable

reduction of species which I have felt obliged to make, and in order

to avoid too much dependence upon my unsupported judgment, I

am publishing herewith new and accurate drawings made from a

photographic basis of nearly all of Miller and Gurley's types, ar-

ranged in juxtaposition, so that the reader may judge for himself

(pis. 13, 14, and 15). These type specimens are in some cases not

so clear in point of distinctness of characters as could now be selected

for illustration; but I have not undertaken to prepare other figm'es,

beyond one or two to give a better view of the general type, to

illustrate variations, and to show that the purse-like contour which
is the striking character of this form is not due to age, since it appears

as distinctly in the smaller specimens as in the most mature (pi. 16).
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DOLATOCKINUS MAGNIFICUS Miller and Gurley.

Dolatocrinus magnificus Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 1, pi.

1, figs. 1-3.

This was Miller and Gurley's first species of this form, and while

its pustulose and wrinkled sculpturing is simulated to some extent

in later species, this one may well stand apart on the ground of its

size, coarse ornament, and massive form. The type is about 35 mm.
high and 65 mm. wide. There are among my material several speci-

mens more or less imperfect, all of approximately the same dimen-

sions, and there is a very distinct gap in size between these and speci-

mens of what is regarded as the next largest species

—

corporosus. The

two forms are quite similar, but magnificus, by reason of some flatten-

ing of the interrays, takes on a somewhat pentagonal outline which

other species do not possess. Half of these laTge specimens have 18

to 21 arms, while 90 per cent of the others have 15 arms or more, and

of these, 50 per cent have 20, 21, and 22. The extra arms in these

and in the type are clearly abnormal.

Horizon and locality.—Hamilton (Sellersburg) limestone: Louisville,

Kentucky, and vicinity.

DOLATOCRINUS CORPOROSUS Miller and Gurley.

Plate 14, figs. 1, 2; plate 16, figs 1, 2.

Dolatocrinus corporosus Miller and Gurley, Bull. 6, III. St. Mus., 1895, p. 50,

pi. 5, figs. 1-3.—Rowley in Greene, 1903, p. 157, pi. 47, figs. 1-3.

Dolatocrinus welleri Rowley in Greene, 1903, p. 143, pi. 41, fig. 14.

Dolatocrinus corporosus, var. decoratus Rowley, 1903, p. 149, pi. 43, figs. 7-9.

I have 12 specimens, besides two in the Gurley collection, which

may fairly be assigned to this species, with its wide calyx, low tegmen,

and coarse wrinkled ornamentation. It is typically a large species,

ranging from 25 to 30 mm. height of calyx and 45 to 50 (excep-

tionally 75) mm. width, and it is approximately 20-armed. There

are specimens with 16, 17, 18, 19, and 20 arms, and also exceptionally

one with 10. Omitting the last, and counting the types, 50 per cent

of the specimens have full 20 arms. I figure on plate 16 a maximum
flattened specimen of this or one of the closelj^ allied species, and also

one which is a fine example of the typical bursiform calyx, but is a

variant with only 10 arms.

Horizon and locality.—-Hamilton (Sellersburg) limestone: Charles-

town, Indiana, and vicinity.

DOLATOCRINUS INDIANENSIS Miller and Gurley.

Plate 14, figs. 3-6.

Dolatocrinus indianensis Miller and Gurley, Bull. 8, 111. St. Mus., 1896, p. 40,

pi. 3, figs. 1-3.

Dolatocrinus predosus Miller and Gurley, Bull. 9, 1896, p. 40, pi. 2, figs. 27-29.—

,

Rowley in Greene, 1903, p. 152, pi. 45, figs. 1-3, 4-6.

Both the type specimens to which the above names have been]
given are poorly preserved, and do not show the surface characters
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very well. They are good examples of the bursiform calyx. But

for the lower and smoother tegmen, which may both be incidental

to fossiUzation, they could not be distinguished from the foim in-

cluded under Uneolatus. A form strongly resembling these occurs

in the Hamilton of Thedford, Ontario.

Horizon and locality.—Hamilton (Sellersburg) , limestone: Clarks-

town, Indiana, and vicinity.

DOLATOCRmUS GREENEI Miller and Gurley.

Plate 14, figs. 7-9; plate 16, fig. 3.

Dolatocrinus greenei Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 28,

pi. 3, figs. 10-12.—Rowley in Greene, 1903, p. 158, pi. 47, figs. 4-6. 25.

Dolatocrinus corporosus, var. concinnus Rowley in Greene, 1903, p. 148, pi. 44,

figs. 4-6.

The more distinct radiating striae furnishes the slight ground for

separating this from the corporosus form, and the distinction becomes

decidedly hazy when the intermediate indianensis form is brought

into connection with the others. All the specimens are large, with

flattened tegmen, and the tendency is toward the maximum number
of aims. The type of greenei is abnormal in having two rays larger

than the others. Rowley's specimen is perhaps the most character-

istic. Of five specimens in the Gurley collection labeled greenei,

two have the specified number of 19 arms, two 18, and one 16; the

last three labeled "small specimens,'' apparently by Mr. Miller

himself.

Horizon and locality.—Hamilton (Sellersburg) , limestone: Louis-

ville, Kentucky, and vicinity.

DOLATOCRINUS LINEOLATUS MUler and Gurley.

Plate 13, figs. 13-18; plate 14, figs. 10, 11; plate 15, fig. 7; plate 16, fig. 8.

Dolatocrinus Uneolatus Miller and Gurley, Bull. 4, 111. St. Mus., 1894, p. 27,

pi. 3, figs. 7-9.

Dolatocrinus sacculus Miller and Gurley, Bull. 7, 111. St. Mus., 1896, p. 58,

.pi. 3, figs. 11, 12.

Dolatocrinus salebrosus Miller and Gurley, Bull. 7, p. 59, pi. 3, figs. 1.3-15.

Dolatocrinus charlestownensis Miller and Gurley, Bull. 8, 1896, p. 44, pi. 3,

figs. 10-12.—Rowley in Greene, 1903, p. 153, pi. 45, figs. 7-9.

Dolatocrinus dstula Miller and Gurley, Bull. 9, 1896, p. 46, pi. 3, figs. 1-3.

Dolatocrinus asper Miller and Gurley, Bull. 9, 1896, p. 47, pi. 3, figs. 10-12.

Dolatocrinus eicosidactylus Wachsmuth and Springer, N. A. Grin. Cam., 1897,

p. 319, pi. 26, figs. 5a-d.

Dolatocrinus springeri Rowley in Greene, 1903, p. 136, pi. 39. figs. 9-11.

The type included under the above name is the most abundant

form in the present group. There are about 30 specimens in the

collection which probably belong together, ranging in size from

15 to 35 mm. in height and 20 to 50 mm. in w-idth. In 20 of these

the arms can be counted, and about 75 per cent of them have from



56 BULLETIlSr 115, UNITED STATES NATIONAL MUSEUM.

15 to 18 arms; three^have less than 15; one only 10; and the remain-

der have more, up to 20 and one abnormal 22; so this may be con-

sidered as typically a 15-armed form, as distinguished from the

approximately 20 arms of corporosus. The generally higher and

narrower calyx as compared with that of the corporosus type, and

the more ventricose tegmen, with smoother plates rather obscurely

defined and tending to develop small spinous nodes, are the charac-

ters to be noted. None of the Miller and Gurley types are good

representatives of the mature stage of this fonii, and I have given a

figure of the type of Wachsmuth and Springer's D. eicosidactylus

which is much more characteristic; it attains even a larger size than

this. I also figure a 10-armed specimen which belongs either here

or under D. hellulus, as one chooses (pi. 16, fig. 5). Minimum stages

of both species are shown by plate 16, figures 7, 8.

Horizon and locality.—Hamilton (SeUersburg) limestone: Charles-

town, Indiana, and vicinity.

DOLATOCRINUS BELLULUS MUler and Gnrley.

Plate 15, figs. 1-6; plate 16, figs. 4-7 (?9).

Dolatocrinus bellulus Miller and Gtjrley, Bull. 6, 1895, p. 57, pi. 5, figs. 16-18.

Dolatoerimis basilicus Miller and Gurley, Bull. 9, 1896, p. 4.3, pi. 3, figs. 1-3.

Dolatocrinus noduliferus Rowley in Greene, 1903, p. 140, pi. 41, figs. 1-3.

This and the next form are distinguished from those preceding by

reason of having prominent nodes and discontinuous median ridges

along the radial series, while they differ from each other mainly by

the ventricose, lobed tegmen with small spinous tubercles in this

species, as opposed to the low, non-spiniferous tegmen of the next

following.

Hoiizon and locality.—Hamilton (SeUersburg) limestone: Charles-

town, Indiana, and vicinity.

DOLATOCRINUS NODOSUS MUler and Gurley.

Plate 15, figs. 9-11.

Dolatocrinus nodosus Miller and Gurley, Bull. 7, 111, St. Mus., 1895, p. 56, pi.

3, figs. 1-3.—Rowley in Greene, 1903, p. 163, pi. 48, figs. 1-3.

Dolatocrinus tuberculatus Wachsmuth and Springer, N. A. Grin. Cam., 1897,

p. 324, pi. 25, fig. 3.

Dolatoerimis multinodosus Rowley in Greene, 1903, p. 147, pi. 44, figs. 1-3.

Dolatocrinus elegantulus Rowley in Greene, 1903, p. 150, pi. 44, figs. 10-12.

Like the last, except for the flat tegmen, without nodes or spines,

but sometimes with very small pustules, which may occur on any

tegmen classed as smooth.

Horizon and locality.—Hamilton (SeUersburg) limestone: Charles-

town, Indiana, and vicinity.
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DOLATOCRINUS FUNGIFERUS Rowley.

Plate 15, figs. 12, 13.

Dolatocrinus fungiferus Rowley in Greene, Contr. Indiana Paleontology, 1903,

p. 134, pi. 39, figs. 1-3.

Of the type of D. nodosns, 'out distinguished from that species

and all others of the genus by having the tegmen studded with

short, thick, mushroom-shaped spines, which project like nail heads.

It is a thoroughly well-marked species, not depending upon the

evidence of a single type, for I have seven specimens in which the

peculiar spines and correlated characters are constant; but the num-
ber of arms varies from 17 to 19. Rowley's figures give a very

good picture of the species. The description gives the horizon as

"Middle Devonian," which was Rowley's term for the Onondaga
beds at Louisville, while he called the Hamilton "Upper Devonian."

This was an oversight by Mr. Greene, as this form is typically Ham-
ilton, and all my specimens, most of which were collected by him,

are from above the hydraulic beds.

Horizon and ZocaZi^y.—Hamilton (Sellersburg) limestone: Louis-

ville, Kentucky, and vicinity.

The final result of our review of the species and varieties of Dolato-

crinus heretofore described, with the few new species added, may be

shown by the following summary:

Species and varieties of Dolatocrinus.





EXPLANATION OF PLATES.

Enlargement, if any, of the figures is indicated by the fraction at the end of the

paragraph. LTnless so noted, the figure is of natural size. All specimens figured,

except as otherwise stated, are in the author's collection, now in the United States

National Museum. No effort has been made to orient the specimens in the usual

way with reference to the posterior side, which can not always be identified ; they

are posed rather with reference to the light in photographing.
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Plate 1.

COMANTHOCRINUS INDIANENSIS (Miller and Gurley)

Fig. 1. Basal view of a typical specimen, showing varying forms of the reduced

and modified first primibrach, extra plate in second range of pos-

terior interradius, and the origin of the fixed pinnules as well as

position of the sockets where they become free. X3/2.

Clark County, Indiana.

2. Profile vieAV from left side of same specimen; showing the great pre-

ponderance of the tegmen in height, the bulging on the anal side,

and course of pinnule-ambulancra of the fixed pinnules. X3/2.

3. Posterior view of same; showing the strong median row of large plates

leading from the narrow anal plate of the dorsal cup to the base of the

sub-central tube. Openings for fixed pinnules are seen here also.

X3/2.

4. Interradius of another specimen from the same locality, showing course

of pinnule-ambulacra, now represented by open slits. X3/2.

.5. Posterior view of larger specimen from same locality, showing the

strong anal series in the tegmen, base of anal tube, and the asym-

metrical bidging of the tegmen not coinciding with the median row,

but following the course of the gut. The specimen is much silicified,

and the apperance of numerous small plates in the swollen part may
be in part misleading. X3/2.

6. Dorsal view of specimen with arms, from Canandaigua Lake, New York.

It shows the heavy, uniserial arms, with two pinmde-sockets to the

margin of each bracliial beyond the fifth, and some of the very

slender pinnules.

Hamilton: Louisville area, and New York.

COMANTHOCRINUS PRISCUS, new species

7. Basal view of a free dorsal cup; showing the broadly concave base,

large stem-lumen, deeply rounded rays, and V-shaped brachials,

with the fixed pinnules leading from the secundibrachs; also the

reduced first primibrach, and left posterior position of small basal.

The posterior interradius in this specimen is slightly contracted by

pressure.

8. Interior (ventral) surface of same specimen (the tegmen wanting),

drawn with anal side up for better comparison of structures. It

shows the position and relation of the fixed pinnules, and the exact

plates upon which they originate (not all visible from the dorsal side);

and the intricate complex of grooves and ridges passing from plate to

plate, marking the lodgment of nerve cords.

9. Interior view of another specimen showing the same structures as the

last with slight difference in detail. In this the small basal except-

tionally is in the left anterior position. (See also text figs. 1 and 2.)

10. Sketch showing position of pinnule openings and course of ambulacra

leading to them as seen in Marsipocrimis, represented by elongate

slits in ComcmtJincrinKS and Dolatoerinus; for comparison with figin'e

4. From author's paper on Scyphocrinus, p. 42.

Onondaga: Louisville, Kentucky.
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Plate 2.

Page.

HADROCRINUS DISCUS Lyon 9

Fig. 1. Dorsal view of a s])e<'imen obtained since Lyon's time, showing all

cliaracters better than the type, namely, the shallow base, with

minute notches at the corners of the radials indicating the remnants

of atrophied basals; radials indented by the large stem-lumen, and

marked by striae (not clearly reproduced in the printed figure) of

the huge column facet which enveloped them; distribution of pits

upon the calyx plates; and the beginnings of the heavy, biserial arms.

Slightly imder natural size. (See also text figs. 3 and 4.)

Onondaga: Louisville, Kentucky.

HIMEROCRINUS PLENISSIMUS (Lyon)

2. Unretouched photograph of a specimen minus the basals; to show the

intense sculpturing by grooves and ridges which obscures the suture

lines.

Onondaga: Louisville, Kentucky.

MARSIPOCRINUS STRIATUS Wachsmuth and Springer

3. Detail of part of tegmen of specimen from which the diagram, figure 10,

Plate 1, was made, showing the am])idacra and the pinnule openings

to which they lead. X2. Silurian: Tennes.see.

MARSIPOCRINUS TENNESSEENSIS Roemer

4. Detail of part of tegmen with the pinnules themselves in position, both

from the free brachials and from the interrays, corresponding to the

openmgs in Comar.thocrinvs and Dolatocrutus. X2. Silurian: Ten-

nessee.

(Both the last from the author's paper on Scyphoerinus, Plate 9.)
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Plate 3.

Page.

HIMEROCRINUS PLENISSIMUS (Lyon) 12

Fig. 1. Photographic view, but little retouched, of an almost complete calyx,

showing the contour and surface sculpturing, from the deep basal

cavity (in which the basals are present, though invisible in the

shadow, without any columnals attached) to the high ridges at the

margin leading directly to the free arms. The generic diagram

(text fig. 5) was composed chiefly from this specimen, confirmed by

several others as to some details. An overlapping transverse fracture

interrupts the normal succession of plates in the upper part, but

their arrangement is clear in the right lower sector, where many of

the plates are slightly separated and the suture lines well marked.

Here may be seen a good example of the modified axillary primi-

brach, as well as one of normal size and form. On account of the

intricate sculpturing, no attempt has been made to outline the plates

in the upper part of this figure, although with proper lighting they

can be traced upon the specimen in the positions shown in the

diagram. The specimen is oriented with the posterior interradius

at the lower right, the small basal, here obscured by the shadow at

the bottom of the cavity, being plainly visible in the left anterior

position. The photograph is slightly under natural size, but owing

to foi-eshortening the picture appears still more reduced. Measuring

from l)ase to margin, and allowing for the overlapping fracture, the

spread of calyx is at least 15 cm. (Pee also text fig. 5.)

2. Photograph of dorsal side of a specimen minus base, showing a style of

ornament formed chiefly by pits instead of grooves. Here the axil-

lary primibrach is of full size throughout. The second inter-

brachial range has an extra plate in two interrays, so the anal side

can not certainly be identified.

3. Dorsal (exterior) view of detached l)atfals of a similar specimen, with

part of column adhering in the cavity, and radials attached.

4. Ventral (interior) view of detached base, with some radials attached,

showing division of the basals, their deep inward projection, and the

large pentapetalous axial opening.

Onondaga: Louisville, Kentucky.
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Plate 4.

Poge.

HIMEROCRINIIS PLENISSIMUS (Lyon) 12

Fig. 1. Photograph of specimen with arms and stem, showing some of the small

biserial arms to part of their length, and the nodal columnals with

numerous coglike jirocesses, and thin internodals appearing between

them. Surface ornament on calyx removed by erosion, but the

pits at the corners of the plates, and the lateral ridges along the

radial series toward the arm bases, are conspicuous.

2. Dorsal Adew of a specimen with plates well separated at the sutures,

having the modified axillary primibrach in both three and four

sided forms.

3. Dorsal view of basal plates vith several included column ossicles adher-

ing at the bottom of the cavity, from which they have been detached

as in figure 2, this being the condition in which they are frequently

found.

4. Dorsal Adew of a l)ase in same condition as the preceding, with some

radials attached.

Onondaga: Louisville, KentuclvV.
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Plate 5.

Page.
TECHNOCRINUS NIAGARENSIS, new species 14

Fig. 1, 2. Basal and lateral views of the type; remnants of spines are seen in

place, and sockets of others.

Xiagaran (Bob formation): Hardin County, Tennessee.

STEREOCRINUS HELDERBERGENSIS, new species 15

3, 4. Basal and lateral views of type.

5. Plates of another specimen, showing striate ornamentation.

Helderbergian (Linden formation): Benton County, Tennessee.

DOLATOCRINUS LACUS Lyon 2^

6. A typical specimen, with characteristic outline: the arms are free on

second secundibrach.

7. A larger specimen, with greater incorporation of brachials and more
pinnule openings.

DOLATOCRINUS PYRAMIDATUS, new species 29

8. 9. Lateral and basal views of type, showing the characteristic contour,

taj)ering upward from broad truncate base involving most of first

primibrach and part of interbrachial; pinnule openings are strong.

10. Basal view of another specimen showing traces of stellate ornament,

usually removed by erosion.

11. The Inroad, truncate base of a larger specimen.

DOLATOCRINUS ROTUNDUS, new species 30

12. 13. Basal and lateral views of type, showing the rotund contour, with-

out angles or surface ornament.

DOLATOCRINUS MARSHI Lyon 31

14. A typical specimen, with prominent pinnule openings.

All except Nos. 1-5 from the Onondaga of the Louisville area.
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Plate (i.

DOLATOCRINUS ORNATIIS Meek

Fig. 1. Basal view of the typo, having small radial ridge. Columbia Uni-

versity, New York.

2. Tegmen of another specimen, covered with small tubercles.

3. Basal view of larger specimen, without any radial ridge.

4. Lateral view of same, showing tubercles on tegmen, and projecting lip

at the edge.

Onondaga: Columbus, Ohio.

DOLATOCRINUS ASPERATUS Miller and Gurley

5, 6, 7. Basal, lateral, and tegmenal views of the type, showing radial

ridge formed of connected nodes. University of Chicago, No. 6071.

8. A larger specimen, with large disconnected nodes and pitted surface

ornament.

9. Large specimen with radial ridge not well defined; coarse pustules and

small nodes more or less radiately arranged, tending to form geomet-

rical figures.

10. Large specimen with narrow radial ridge limited to primibrachs; fine

striae forming triangles.

11. Lateral \'iew of specimen with continuous ridge extending to arms;

fine striate ornament. Type of D. marshi, var. hnmiltonensisV\'a.chs-

mut and Springer.

12. Basal view of similar specimen, showing continuous ridge.

Among these six specimens, all having the same general form and

proportions and 10 arms, are four different kinds of radial ridge, and

three styles of surface ornament.

Hamilton: Louisville area.

DOLATOCRINUS, species 16

13. The tegmen of one of the few known specimens having parts of the

arms and pinnules attached; it is imbedded, and the dorsal parts

parts can not be seen.

Hamilton: Louisville area.
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Plate 7.

Page.

DOLATOCRINUS GRANDIS Miller and Gurley 32

Figs. 1, 2, 3. Basal, lateral, and tegmenal views of a typical specimen with

the most frequent type of surface ornament. It shows the large

pentagonal basal funnel; the large iBrj distally angular with two

large fixed pinnulars leading from IIBrj partly resting upon it; the

position and succession of the fixed pinnules leading from the IIBr

to the openings at the margin of the tegmen between the arms; also

how the large biserial arm, for a distance of two or more biserial

pairs of ossicles, is incorporated in the calyx wall.

4. Detail of an interray of large specimen having 12 pinnule openings;

it shows how the openings are formed where the sutures leading

from the tegmen ambulacra meet the grooves at the distal end of

the fixed pinnules. X2.
5. Detail of another specimen showing succession of IIBr, and two biserial

pairs of brachials, and the course of the fixed pinnules leading from

^ them.

6. A fractured cross section of the calyx, showing the inverted conical

pit half the depth of the calyx, involving basals and radials.

7. Specimen \vith very sharp sculpturing, coarse wrinkles and an obtuse

median ridge; also the basal pit with a section of stem in position.

8. A variant, with a more distinctly striate ornament; it has in three

interrays a truncate first interbrachial with another succeeding it,

followed by two large pinnulars leading from IIBr,, and in the other

two the two large pinnulars resting directly on iBr,, as usual in the

species.

All Onondaga: Louisville area.
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Plate 8.

DOLATOCRINUS SPINOSUS Miller and Gurley

Fig. 1. A'si^ecimen below average size; basal view, showing strong radial ridge

limited to radial and IBr, and rather pitted ornament.

2. Lateral view of same, showing stout spines on the tegmen, and pinnule

openings between arm bases.

3. A very young variant, with disproportionally high tegmen, and ridges

extending to arms. Probably should be referred to D. insuetus—
fig. 8 below.

4. A small specimen with extremely fine striate ornament, and very high

knifelike ridges on radial and IBr.

5. An average specimen with typical striate ornament, and usual shape

of large iBr; remains of high radial ridges limited to IBr.

6. Another specimen with variation in shape of the large iBr, which is

nearly acuminate instead of broadly truncate.

7. Tegmen of the same, showing the broken-off bases of strong spines, the

arrangement of plates, and position of pinnule openings.

DOLATOCRINUS INSUETUS Rowley

8. Basal view of specimen with perfect typical ornament, and showing

the radial ridges extending to the arms; the knifelike projections of

the ridge are broken off.

All Onondaga: Louis\-ille area.
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Plate 9.

Page.

DOLATOCRINUS MAJOR Wachsmuth and Springer 36

Fig. 1. A maximum specimen; basal view, showing basal plates nearly

resorljed by growth of axial canal.

2. A minimum specimen, \vith basals in normal condition; nodes on IBr

produced into spines.

DOLATOCRINUS MULTIBRACHIATUS Rowley 38

3. A flattened specimen, \vith details of deUcate ornament ])rought out

by etching; very sharp thin ridges follow the radial series from base

to arms, where 4 arm openings to the half ray are seen, indicating

about 40 in all; inner core of stem attached, on which the peripheral

flanges of the nodals are mostly broken away.

4. Lateral view of another specimen, showing 8 arms to the ray.

DOLATOCRINUS GRANDIS Miller and Gurley 17,32

5. Specimen with pitted sculpturing, ligured to show the displaced por-

tions of stem seen in the basal pit, in which the flanged nodals ^\ith

their peripheral cogs, and some internodals, are well exposed; and

also the very large size of the axial canal proximal to the calyx.

All Onondaga: LouisWlle area.

DOLATOCRINUS, species; fragments of column 17,18

6. Transverse view of stem fragment at joint face, probably from toward

the distal end, showing the small size of the axial canal in that part

compared with the proximal portion shown in the last figure.

7. 8. Two fragments showing the great size sometimes attained by the fin-

like cogs, which here arch over 10 or 12 internodals.

9, 10, 11, 12, 13. Various fragments showing the relation of the nodal and

internodal cohimnals, in different stages of development.

All from Louisville area: Probably Hamilton.
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Plate 10.
Page.

DOLATOCRINUS SPINOSUS MiUer and Gurley 17.34

Fig. 1. A very large variant of this species, figured to show the peculiar con-

struction of the cohunn, with nodals separated, and internodals of

less diameter appearing between them.

DOLATOCRINUS GRANDIS Miller and Gurley 17,32

2. Part of stem attached to a large calyx, with nodals in close contact,

and cog-like processes forming continuous ridges.

DOLATOCRINUS, various species 17,18

3-7. Stem fragments showing different stages of the nodal columnals,

for comparison with the stems shown in the last two figures.

Louisville area: Probably Hamilton.

DOLATOCRINUS EXSTANS, new species 37

8. Basal view of flattened specimen, showing the protu])erant base.

9. Tegmen of another specimen showing the long spines: it is flattened

and has on the opposite side the same kind of base as shown in figure 8.

Figs. 1, 2, 8, 9, from the Onondaga: Louisville area.

DOLATOCRINUS LIRATUS Hall 41

10. 11. Tegmenal and basal views of two characteristic specimens from

the Hamilton of western New York.
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DOLATOCRINUS BULBACEUS Miller and Gurley 42

Fig. 1. Basal \'iew of type. University of Chicago Coll., No. 6083.

2. Type of D. aspratilis Miller and Gurley. University of Chicago Coll.,

No. 6112.

3. Lateral view of another specimen, showing typical form and ornament,

and pinnule openings close to edge of arm bases.

DOLATOCRINUS ARGUTUS MUIer and Gurley

4, 5. Basal and lateral views of type. University of Chicago Coll., No.

G079.

DOLATOCRINUS STELLIFER Miller and Gurley

6. Basal view of the type. University of Chicago Coll., No. 6088.

7. The type of D. neglectus Miller and Gurley, showing typical surface

ornament, and basal pit with pentagonal rim. University of Chicago

Coll., No. 6091.

8. Lateral view of same, showing decanter shape.

DOLATOCRINUS TRIADACTYLUS Barris

9, 10. Basal and lateral views of two typical specimens from Alpena,

Michigan.

DOLATOCRINUS AMPLUS Miller and Gurley

11. Basal view of the type, with center broken; has 20 arms. University

of Chicago Coll., No. 6097.

12. Lateral view of same, showing characteristic tumid plates, and promi-

nent pinnule openings.

13. 14. The type of D. vasculum Miller and Gurley; basal and lateral

views; 18 arms. University of Chicago Coll., No. 6096.

15. The type of D. peculiaris Miller and Gurley, with 17 arms. University

of Chicago Coll., No. 6085.

16. The type of D. lyoni Wachsmuth and Springer, with 15 arpis.

17. Detail of interray of same, showing pinnule openings and slits leading

to them.

Hamilton: All except figures 9 and 10 from the Louisville area

in Clark County, Indiana.
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Plate J 2.

Page.

DOLATOCRINUS COSTATUS Wood 48

Figs. ], 2. Basal and lateral views of a rather small specimen showing the

tumid, wrinkled cup plates, smooth tegmen, and prominent

pinnule openings.

3. A very large specimen, with extremely rugose plates in basal jiortion,

not well shown in the ligure.

DOLATOCRINUS ASTERIAS Wood

4, 5. Basal and lateral views of medium sized si")ecimen.

G. 7. Variants above the usual size.

DOLATOCRINUS INCISUS, new species 49

8, 9, 10. Basal, lateral, and tegmenal views of a maximimi specimen,

showing the sharply incised striate or wrinkled ornament,

rugose tegmen, basal pit with pentagonal rim, and 20 arms.

11, 12. Basal and tegmenal views of a smaller specimen with coarser

striae.

13. Another specimen with simjiler lines of ornament.

DOLATOCRINUS AMPLUS Miller and Gurley 47

14. Specimen from Louisville, with nodose plates and prominent pinnule

openings, for comparison with rostatus.

15. Base of another specimen, with sculpturing of plates very distinct.

All Hamilton, and from Alpena, Michigan, except figs. 14

and 15.
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Plate 13.
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DOLATOCRINUS VENUSTUS Miller and Gurley 50

Figs. 1, 2, 3. Basal, lateral, and tegmenal Adews of the type. University of

Chicago Coll., No. 6094.

4. A specimen from Alpena, ^Michigan, witli more strictly striate orna-

ment.

5. The type of D. aureatus Miller and Gurley, with ornament of more

isolated pustules. University of Chicago Coll., No. 6082.

DOLATOCRINUS BELLARUGOSUS Miller and Gurley 50

6. 7. The type; basal and tegmenal \aews. University of Chicago Coll.,

No. 6087.

8, 9, 10. The type of D. coclatus ^Miller and Gurley. University of Chi-

cago Coll.. No. G093.

DOLATOCRINUS EXORNATUS Miller and Gurley 51

11, 12. Basal and lateral \'iews of one of several specimens of the type of

D. dispar ]\Iiller and Gurley, having usually 18 to 20 arms, and

of uniformly small size; the type of exornatus is lost.

DOLATOCRINUS LINEOLATUS Miller and Gurley

13, 14, 15. The type; basal, lateral, and tegmenal Adews. University of

Chicago Coll., No. 6080.

16, 17. Basal and tegmenal views of the type of I>. ci^tida IMiller and

Gurley. University of Chicago Coll., No. 6098.

18. The type of D. eicosidactylus Wachsmuth and Springer.

All Hamilton, and all except fig;ire 4 from the Louis\ille area.
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Plate 14.

DOLATOCRNLIS CORPOROSUS Miller and Gurley

Figs. 1. 2. Basal and tegmenal \-iews of the type. University of Chicago

Coll., No. 6106.

DOLATOCRINIIS INDIANENSIS Miller and Gurley

3, 4. The type; l)asal and hiteral views. University of Chicago Coll.,

No. 6099.

5. 6. The type of D. prrriosus Miller and Gurley. University of Chicago

Coll., No. 6072.

DOLATOCRINUS GREENEI Miller and Gurley

7, 8. 9. Basal, lateral, and tegmenal views of the type. University of

Chicago Coll., No. 609.").

DOLATOCRINUS LINEOLATUS Miller and Gurley

10, 11. The type of D. sarcuhis Miller and Gurley. University of Chi-

cago Coll., No. 6078.

All Hamilton: Louisville area.
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DOLATOCRINUS BELLULUS Miller and Gurley 56.

Figs. 1, 2, 3. Basal, lateral, and tetrmenal views of a typical specimen so

labeled by Mr. Miller. University of Chicago Coll. The type

is lost.

4, 5, 6. Similar \'iews of type of D. b'silicus Miller and Giirley. Uni-

versity of Chicago Coll., No. 6090.

DOLATOCRINUS LINEOLATUS Miller and Gurley 55

7. The type of D. salebrosus Miller and Gurley. University of Chicago

Coll., No. 6103.

DOLATOCRINUS VENUSTUS Miller and Gurley 50

8. The type of D. arrosus Miller and Gurley. University of Chicago

Coll., No. 6105.

DOLATOCRINUS NODOSUS MUler and Gurley 5&

9. 10, 11. Basal, lateral, and tegmenal views of the type. University

of Cliicago Coll., No. 6081.

DOLATOCRINUS FUNGIFERUS Rowley 57

12, 13. A spBcimea showing the mushroom-shaped spines; lateral and

tegmenal views.

All Hamilton : Tvouisville area

.
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Plate 16.
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DOLATOCRINUS CORPOROSUS MUler and Gnrley 54

Fig. 1. A flattened specimen of maximum size; ornamentation somewhat finer

than in the type.

2. A 10-armed variant; being a typical example of the bursiform calyx

characteristic of the magnificus group, and of the pustulose style of

ornament of this species, but having only 10 arms.

DOLATOCRINUS GREENEI Miller and Gurley 55

3. A good example of the fine striate ornament attributed to this species;

owing to some distortion the true contour of the calyx does not appear

in this view.

DOLATOCRINUS BELLULUS MUler and Gurley 56

4. A typical example of this species, with the strong nodose ornamenta-

tion.

5. A 10-armed variant; similar to the last in all essential characters, but

having 10 arms, and being abnormal in the base.

6. Basal view of same specimen, having a hexagonal base with a sixth

plate in line with the radials, like the anal plate of the Actino-

crinidae.

7. A young specimen, for comparison with the next figure.

DOLATOCRINUS LINEOLATUS MUler and Gurley 55

8. A yoimg specimen, showing greater relative height of calyx.

DOLATOCRINUS, species 56

9. An imperfect specimen, having an extreme development of the central

nodes.

All Hamilton: Louisville area.
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[Valid species in italics, synonyms in roman.]

Agaricocrinus 6, 26

Agassiz, Louis 34

AmericaB Museum 26

Amphoracririus 6

Amplus group 47

Anal interradius 16, 19, 24

Arms, number of 21, 25, 45, 49, 53, 55

Asterias group 48

"Azygous side" 24

Barris, W. H. 20

Basals, atrophy of 11 (text fig. 4)

Bassler, R. S 26

Batocrinus, pores in 5

Bilateral symmetry 16

Bulbaceus group 42

Cacabocrinites sculptus 32, 34

Cacabocrinus troosti 16

speciosus 30

Camerata 2

Carpocrinus, bipinnulate structure

in 5

Characters for species 1, 16, 21, 22, 52

Chicago, University of 2, 19, 26

Cirri 18

Cleistocrinus, basals in 11

Column in Dolatocrinus and Hi-

merocrinus 14, 16, 17

Comanthocrinus 4 (text fig. 1)

fixed pinnules in 8 (text fig. 2)

indianensis 6

priscus 6,7

Crinoidal faunas 1, 20

Cyphocrinus 6

Distribution of faunas 20

Dolatocrinites, section defined 3

analysis of the genera 3

Dolatocrinus 16-26

characters 22, 26

column of 14, 16

instability r.[ characters. . . 18, 22, 52

occurrence of 1

pinnules in 16

the species of 1, 18, 19, 22, 27, 38

amplus 47

aplatus 44

approximatus 28

argutus 44

arrosus 50

var. cognatus 50

asper 55

asperutus 41

Dolatocrinus—Continued. Page.

aspratilis 42

asterias 48

aureatus 50

basilicus 56

hellarugosus 50

canadensis 51

charlestownensia 55

cistula 55

coelatus 50

corbuliferus 50

corporosus 54

var. concinnus 55

var. decoratus 54

costatus 48

curriei 34

dispar 51

dissimilaris 44

eicosidactylus 55

elegantulus 56

excavatus 32, 33, 36

exornatus 51

exstans 37

fossatus 32

fungiferus 56

glyptus 41

var. intermedins 41

grandis 32

var. incarinatus 32, 34

greenei 55

hammelli 44

incisus 49

indianensis 54

insuetus 36

lacus 28

laguncula 44

lamellosus 36

lineolatus 56

liratus 41

var. multilira 41

lyoniM.andG 50

lyoni W. and Spr 47

magnificus 54

major 36

marshi 31, 32, 34

var. hamiltonensis 38

multibrachiatus 38

multinodosus 56

neglectus 44

nodosus 56

noduliferus 56

77



78 INDEX,

Dolatocrinus—Continued.

ornatus

var. asperatus

peculiaris

pernodosus

preciosus

pulchellus

pyramidatus

rotundus

sacculiis

Balebrosus

speciosus

spinosus

springeri

stellifer

sul^aculeatus

triadactylus

tuberculatus

vasculum

venustus

wachsmuthi

welleri

Eucalyptocrvn/us rosaceus

Faunas, crinoidal

Form and proportions

Genera, analysis of

Greene, Geo. K 20,

Gulf faunas

Gurley collection

Eadrocrinus 9,10 (text

basals atrophied .... 11 (text

angularis

discus

pentagonus

plenissimus 2,9,

Hall, James
Hamilton, faunas

key to species

species variable 1,

Himerocrinus 12 (text

arms of 13, 14 (text

plenissimus

Horizon, of Miller and Gurley's

species

Eyocrinus

Incorporation of pinnules 25,

Instability of characters. . 1, 18, 21,

Internodals

Key to genera

to Hamilton species

to Onondaga species

Lam.pterocrinus, bipinnulate

Liralus group

Louisville area 1,

Page.

29

30,41

47

47

54

42

29

30

55

55

30

34

55

44

42

45,46

56

47

50

47

54

5

1,20

22

3

29, 37

1

19,20

fig. 3)

fig. 4)

10

10

10

11,12

20,26

20

33

21,22

fig. 5)

fig. 6)

8,13

20,34

5

28,31

22,52

17

3

38

27

5

41

19,26

Page.

Lyon, S. S 18, 20, 29

Victor W 29

Magnificus group 51

Melocrinidae, family rearranged

and defined 2, 3

analysis of the genera 3

Miller and Gurley, descriptions. . . 19-

horizon of species 20, 34

specific characters by 21

types refigured 53-

Nodals 17

Number of arms 21, 25, 45, 49, 53

Number of species 19, 20, 52, 57

Onondaga; fauna 1

key to species 27

species constant 2, 22

Ornament of surface 23

"Ovarian apertures" 5, 29, 43, 45

"Ovarian pores" 24, 33, 43

Pentamerous symmetry 19, 52

Pinnules, fixed 5, 7, 9, 16, 25

on both sides of brachial 5, 8

openings 24, 27, 31, 33

succession of 5, 7, 8, 9, 16, 25

Platycrinus 6

Pores 24

Primibrachs, reduced 5, 13

"Respiratory pores" 6, 24

Rowley, R. *R 20

Scyphocrinus 5, 16, 24

Secundibrachs, incorporated 5

Species; oi Dolatocrinus 1,18

characters of 2, 22

number of 19, 21, 52, 57

Springer, F 1, 5, 11, 24

Stellifer group 44

Stereocrinus 6, 15

dilatus 9

helderbergensis 15

indianensis 6
Storthingocrinus 5

Strotocrinus 14

Surface ornament 23

Symmetry, disturbed 16, 24, 52:

Technocrinus 14

niagarensis 14

Troost, Gerard 34

Type specimens, location 26

Unequal size of plates 24, 52

Variable characters 1, 18, 21, 52

Venustus group 49

Wachsmuth and Springer. 2, 10, 20, 26, 33

Weller, Stuart 2

Whiteaves, J. F 20

Wood, Elvira 20, 26
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